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i f f t e t of H I ^ T M I rvltmtiwi •f m tatt le* WNI* mSSTHi t» • litfH vfbmtioiiftl 
l«v«l» • • t M Bpmfnl itstrlbnttoA of tho MottNnior rotflstloii hos boon 
stMlloi t l iMfotltally. h gonortl oiqitrotslofi i f ip l l t^ lo to tHo COM of tiothttio 
tlio loteltiod OMl tntaHtKl MMIOS IMS NMM 4orlvo4 for tlio offoet of on mi^ MifHMI 
•MCttMl lOttfCO MO^ O 00 ttM MOttlNHIOr ^jMOtriM. SlMO Of HlO •KitttfIS 
•oktgMtlmi tipoot t)Mi rf portortotloo offoeto h&v Moo «lorlflo4. 
A tiMMry k«t IHMMI ooNttnictwl for tho offoet of o rolOKliit lotttoo ooio on 
fh9 Motsbmior retflotion, btpllett •K^rottloot Kavo IMHNI tforlvoi for 1) th« 
tImiMi of loro'fhewon nM oHltliilioiioR iifiot, 11) tlio rooollloM froctteiit 
I I I ) thn stcen^ orator Dopplor shift and tv) tho ttoo daponioiieo of rotoemtly 
ftttorod HotthwMtr flanwi myv* Tho eolonlotoi rotiiitt wcMMfvl ly ox)i(olnt 
tho oKfNirt»»fitol rfato. Owr onolytft mmf*^* that tfinorMiot of rolfKotlon 
offoctt wl I i load to orraiious Intafiratatloaaof tho aMfMrlooiital tfota. A 
(Hirtteuier olatt of al«|»to aKporlMHits aro aH^giastai for tho anaohlgoos 
ovataatlofi of tho ^unnMil rolaiaitloii i«ta of tho local Itod ootfo. Thoory hat k 
cofittnietod for tho offoet of o '*thor»al tptho** on tha Moashoaor raillatloii. 
Uw raeotlloaa fracttonc ehaarvwf la aaoa Maaahaaor aitpartaNMta aaiag Cowlaoh 
aiMtltatloa toehAt(;uaf hava baan aiqilalnatf. 
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1,1 i B l t t l i i (ww> A<iior»tt«i of 6mmm Way bv wi A»««iblY of 
IlltTOOttllO NlHttOlt 
Censtdor m osMMbly of mielol eoii|)lo€ to o « ^ othor vio otoMfe Intoroctloiit. 
TiioM tfitoractteo* or* OMOII wookor than tho btntltng of iweloont Iii«l4« • 
fwieloiit oii4 tKo oyftoo eon bo ooootAtrofl to bo eootlttlng of two tnlkHioiHlont 
CfMm tiitoraetlRg) svbtyttM^^eno coRtittlns of tbo Intomof Motion of nwctoona 
wttb rotpoct to Hw tmnfrm of wnt of o miclout ootf tbo othor mntfttliig of 
tho faetloR of tho OMitrot of OOBSO* of mielol. An oloetrooagnotle f toN 
ooiil<l tntoroet with tho tystoiii vio tho ehorgo ond oagnotlc MMont coopl log 
mi Might OMM trontitlont botiMon tho mieloar olgon ttatat (Intoroetlon 
of tho rodlotton ftold with tho otCMile oloetront ote. , will not bo contldorod) J 
Thus In tho firosoneo of tho rodlatlon f loN o mwlous con 90 froM ground 
stoto to on oxeltod ttoto by obtorbing o photon of ^»pr<H>rloto onorgy or on 
oxeltod mielowt con docoy to tho ground ttoto by oolttlng o photon whiio 
tho tystio of OMitros of Mottot of nuclol CCH-oyttoo) can alto go ot tho 
tloa froM ono of Ita ttotwi to tho othor. 
Tho ai^rtiirbod HoMlltontan of tho totol tyttoM contlsting of tho attaobly 
of noelot and tho rodlotlon f lold cm bo trrttton ot 
**0 • "rod * * W * "oM * ' • ' * 
ohoro H y ^ ond N,^^ ora "Hio HoHlltoni'n for tho rodlotlon flold and tho 
IntM'nol Motion of tho nuolaona with rMpoct to tho oantro of ooat of tho 
• Z.W I. 
i t 
la tbo iNiilltonlan of tho €M«^ytt«ni olth |»| ond M| bolng tho llnoor 
•imatiM M d Moaa of tho Ith nocloot. tho fotanttol onorfy toro v. la 
2 
Mmr9 f«r • p*rftf 8«* **^ ^ i ^ * mielwia IMMIINI in • «rytt«l 
*• I •••J '•' ' J 
wttti ^ I I U M ; t*»*) t>«tM9 tHu «t<Mte fere* contttnts «IHI ii.dM) b«tiHi 
tlw i-<»rt«ttim cowpowtit of tit* dftplMMMiiit of nth •teai In th« Ith 
unit ««tl frtm tt« IMHHI pottttoii* 
Th« tnt«r«etl4»fi HMillttontm NitwMii tli« r»4t«tt€m fUttf and th« systM 
H* ctutlnsf th« trwiftttons tmtwMH th« • 1 $ ^ t tat** of H I t 
H' • M' •"''**'^ bj • cc. (1.4) 
wlNir* 11^  it«jp«n4» only on tbo eoeriiiMitot of mictoens roi«tlv« to thoir 
esontra of units, ^ I t tho position coortiln»t« of tho otntr* of IMISS of th« 
f 
4inlttlns/«l>*ortitii8 nMiont wn4, t>. ond l». mrm tho crMtlon oiid annfhfUtlon 
operttert for « photon with nomaintuM i<t. frtm tho mtonsneo thoory w« ^»t 
th« oxprosstoR for tho prot»»l»lttty of ««ls*fon/«titerptl«n of • gnmn* my of 
enerfy C by a nttclous with ttw Of<>«yftMiR ^otns frcm )l em^ to |f o«) ot 
'* 1*<'^ -V * f^ • 1^ r * *^ 
Hor« • tm4 - ul^nn am for fhm antaalen antf tNi absorption of • SHMM* 
ray raapoetlvaly. Tha Mitrlic •laoantt w .^ ara givan by 
-• - » 
M*^  - <f nii«|Hjj|! nm} <f oila"'**'"!! « • ) <^ f ra4|bj|l rad> 
it's CI.6) 
Mj, • <f wwl l^ ' l l mty <f aolo*"'**!! «•> <f ra^lb^jl rai> 
C. • IC| • €^f «Fttli C. ami E boln9 tlio anargy of tha Init ial m4 final 
ttataa of ttm iM»tla«iff« la i^ traatltlan anorgy an4 € . and € aro tlia 
Init ial m4 "hm f l««l anarfiet of tlio CM-tyata*. f ta tbo wt4tii of tb* 
OMCttai atata of tiMi walawi. Tbo total prabal^lllty for Hm aattaalon/iAaorp-" 
tiaii oi a 9mm rty • ! wtfey f l» o^taloatf by avariflne v . . wf ti l l poattfcto 
luff 1*1 at«tiKi aiNl awnliif mm' mU f l««l ttataa of tbo ayatMU l lwt M gi^ 
- 3 -
W(l) • Z . 8. W, (l> ( t .7) 
I f * ' • 
HlHir* I I f ttw inrobaktMty th«t th« tyctM of iiucUl wtlt N tnt tUl iy 
In ttM ttti ttvt** H»r« ••eh of tiw tuMNtloR* wr t Mid J In^loit** t«» 
••^•rat* tuMMtloiis ev*r tN> poosibU tnt^nwl ttvfot of th* micl^iit tmi 
th« •tvt'** of th» CM>»ystMi. 
Nov Ml can writ* for th» «ifs»l«i protakiiity of • 8 « M » niy •s^»' 
If ' ** Jfi. ( f • P r • 4 r2. 
Using llio tntogral roproMnt^tloo of S -fiinetloii, th» •ktV^ •^••tlon booonos 
* lt(-€« • € : , - < = : , ) , / . * ' . | t P 
'*" 2- \f i]| -I ^^f»• njrrp'?^!?^ 
. 1 f .iptltE - *r|t|)J Z 0- <l «i|o*^*'' o'^«»|f ••> 
X < f colo" * • " • • j l co> < l «ii«(»^* 0 ""• j f • • • > 
X ^1 ••cJH* o" ^ ^ ® | | wic*^ ] dLt CI.9) 
PI 
ARi If INI • • • • • • th^t tMi NMilttMilMi of tho systOM <••• net diongo whilo 
th« nii«lo«s goos freai •x t l lo i stoti to grttiml st^to th«n 
W(« • JL J •Kpl-ltE - * r | t | l Z 8j < l n«c|H^*H^(t)|l • • « > 
X < | « , jo '^ '««) Jk.K(*) ) , ^ ^ ^1^ ( , , 0 , 
•lioro R<t) m i »^(t) ^ro tiM (telsonkorg oporofors 4«f Inoi • • 
Alt) • o A(0) o 
•N4 WCI) • i J •KpdtE - tr|t |)<l^<*^0IM^<t)^^ • 
«tli*ro <.' - • ^^ tfMiotot Mik tti« qvtntwi NWCHWIIO^I m4 •••onlcol 
m§mkl% •for«i^« wf t>opgr^tyro T. ! • • ( t . t l ) §!¥•• tlio •wlaslon 
(1.11) 
W M ^ tm 
prwiiftkfllly In t«rm of tn wtt^tlMi e«rr*l«tt«ii fimetleii of tlM 
^rturbatliNi Nml I tmlMi. i t Mst b* iHit«4 th»t th* fntiirtctteii • ! • 
«Mi|»l«K tytttii having targ* mMMr of d«9rM» of fnuMMi { l . « . I«rg« 
Mol«e«l«>* Itiiultft, cryttalt ote.) with aHiltrary r»4l»tloiit (partlclM, Itgfit 
light qtimta) eaii alMys b« i « p r ^ » d In t«n» of • t ia t c«mil«tioii function 
•n4 in «ont of tho cnnot I t Is tho ewivonlont fonialitM for tho pwrpoaa 
of analysing tho tfata concomlg tho Intoraetlon of tha systao vtth 
tho ratflatlon.^ 
In E<|. ( t . l l ) tho eorrolation fanctlon of tho portarhatlon Haolltonlan 
has haon o)cprossa4 as a product of two «»rrolatlon faactlona* ono 
4of»ondlng apon tho Intornal coordlnatos of a nwelaas and tho othor 
(tfopondliif upon tho coordlnatos of tho cantros of mssas of tho ouelol. 
Any parturhatloA on tha Intornal statos of tho nuelol* for axaapio tho 
hyporfino Intoractlons otc», wtil offact tho aolsslon prohahlllty via tho 
f irst corraiatlon function whilo tha offoct of tha perturbation on tho 
CM-systan will bo folt via tho aatond oorrolatton function. In tho obsonoa 
of any hyparflna Intaractlon tho f l rat eorrolation function In Eq. ( t . l l ) 
bocaoas •"^^^ | <f nue|l^|i nuc))^ and wa can writo 
W(C) - const J oxp[ltd - ! ( , ) - i r i t l ] <ji»'*-''<®> «-ifc.Wt)>^ ^ ^ ( , j 2 , 
-co 
1.2 tolaalon of eaaoa lava f ron Fraa Muclol i 
Tha stata of a fraa nuclaus with tho cantro of aass MMontuo p Is 
|a» > • o'^ ***. $inaa tha aporotor R(t} can ba written as 
Wt> • W O ) • |t • W O ) - ig t (1.13) 
thoroforo 
- 5 -
-> ^ .2 
-lk4W0> - » ? - • ] - IWO) -k^- t -41 -J. t [ R ( 0 ) , V 3 CI.15) 
iih«r» V »n4 R(0) ar* Hw ewpnuinta •# "^  ami KfO) al^fig th* illrtefl«ii •# 
1(* aM tli«r«f«r« 
. lk.R(0) ^-U.Wt> / / ^ • , * ' V * \ 
-Ik - t 41 - t -£- - t I !^—t 
MlHir* ¥ it tlM ¥»lettty of tti* mlttlRg iiticlMt In tH* 4fr«etl«ii of 
pnpa99flm of tko t«MM roy. Tkortforw . 
ao -IE J t I —2- t 
Irtil • eentt. J •Kfi[ KE-E^H - • r i t l ] o ^ • 2Ne2 gf 
-QO 
. «> 
firtM thit txprosfIon I t I t ofevlevt that ttio mmrgf of tho Miltttd JB—• 
• oontt ^ 5 — ^ j - — - 11.17) 
0 c ^ 9ii-2 
myf I t , 
E . E • ? £ - . X (I.H) 
0 c 0 2Mc2 
Inttttd of bo lug oiipMl to tho traotltlofi onorgy E .^ Tko toeaiMl torn en ttio 
right html tl4o roftrotofitt ttio Dop l^or thtft I t ttw iKMirgy of tho gtooo 
my ^ o to tho f I t l to voleelty of tho teorto ft tho dtroettot of firo|MH|t-
t lot of tho gttM rty tml tho third torn gl¥ot tho onorgy tokot Mioy hy 
tho rotollllng toolovt** 
* I t ttttt ho tetod tht t tovorti wtrktrt htvo tsod oxprottlot ttotuhtt 
tlof lor to E(|. (1.12) In ttwwtctlot with tho giott rty to l t t lot f rm tho 
toolol htotd In cryt t t l t . Stoo of thoto m^rttt lott dttot t t t l t f y tho 
MHMMttft tttf otorgy totttrvtt lot I tvt . for oicao l^o tho dorlvotlot of 
- 6 -
This mprtttlon tfots iMit giv* "HMI c»rrt«t vain* «f th* avvrpg* •fwroy 
tniiuif«rrt4l to tlMi CM-tyttwi« AlttieusH In the M M • ! mrv-fhoMii 
tr»witl4ms (••• Mctlwi 1.5), tlMMi no Mtrgy ft •NCliMg«4 with th« 
eryttal lattlc** th« 9bw watpnulmt glv9 • rtsult tlnllar t» that 
ebtatM4 with Eq. (1.12), bat, for miltlphomfi transltlont thtt 
•i^rattloii iMt not glv» eerract Intanfttlat. U M aM Watlar hava 
vJ 
Aeaording to this a«praaalaii tha Oop|»lar shift la tha jsaas ray 
anar^ le nagattva whan anlttlng naalaus Is Mwtag In tha tftraetlen 
of tha aolsslon af gsaas ray» whtah Is laaerract. 
Wa iutow that tha aass of tha mictaas In tha muciHi stata oxoaais 
2 
that In tha sratm4 stata by an aaawnt Ej/c , which Is tha afslvalant 
Mass assoeta1a4 with tha anargy of tha gaaM ray. Tharafera tha Mmll« 
tonlan In tha Initial stata Is not tha sania as that In tha final stata 
ami tharafora tha assuoptlM trttlch wa KfMa whtia going fnm Cq. (1.l|) to 
(IJt^ ) Is not eorract and wa should asa Cq. (1*)) to find tha aorraet 
wcprssslan for tho aolsslon ^rahabtllty, I.a. 
foo _ ^ -Ipt.Ri Ik.H ItlL,,., li5!«.R ^  
W(i}««anst X.ax|»[l«-f0)t - *r|tl]5:<^a |a a " a ^ > 
\ a * ) • a *^*|a * >dt . <1/1f) 
•at CO ^ -^ 
-oo IT 
vt»«i% p^ and P| tro tha sawpsnsnti of p*! m4 ff along tho dirtdttan •! 
- 7 -
• p 2 2 -oo 
oo | - «||J* 0 2 -J 
_ ( V > 
(1.22} 
Wf 2H, 2II| 211, 211, «# 
»*, 2W, i n ? ^'^ 2M, 
H»rt th« Urm •f tiw •H«r of v/c^ h«v« bMii Mf l l tc tN. ARi tNMt th« 
MttttMi prtkaiktilty I t 
-r 
lf(£) • .^^t (1.24) 
r rw tlM tkw • ^ s f f l i «• M f thilt ttM gMM riy iMMfgy I t thlft»4 
ffMi ttw trwitftiM •Mrsy E^  t» m wmrvn 
. 2 
• / •*# -2&*5^0-*^^'* 
• «o - i & • l«o - ^«« n.25) 
Tli« f i rst tkr** t*m» m t M ft.M.S. of tiM tkw ofiMttM or* tk« 
M M M fN E4. ( l . t K t i l * i M t torn In I f . <1.25> r«»r«t««ts • • 
•4<lttiii«t tk l f t IR tilt tmm rwf •Mfftf • r l t ln f 4if t * «kt«ii* ill tiM 
•MS •f fm •mim»9 «lill» f t ln f f#«i tiM •M«lt*tf Stat* t« t l i * f r t i iM *t«t«. 
tills t l i tft I * imiiiii M tlw i t i tw i • r i « f Oifpt«r fh l f t . 
- • -
I t Miy b% Mutwl tlurt tlw fmni 9r4»r Osf»|il«r t l i l f t ticlfitt • ¥ M I 
f«r • 4tm&)fltm nMtMS i»lit«li I t frm M i I t I t iwt fNt prtftrty • ! 
t M I t t t i t t notitiit t t t iv l t tgid ky t t r ly tiMrh*rt«* Tlilt iriilft aty to 
iiiMltrttM4 f rm MiMiMtlctI r t l t t l t n «f tlit t^—HI tttttry • ! r t l t t lv l ty . '^ 
HtMWr, t t I t M t •IrvlOMt irtMNI t M t « M IttttTpfitttttOII I t glWM «lMM tltt 
tftetylfifl fwtlMit I t MibJtctMl t« ttit •ettl<Hiitlii0 f t r t t t . 
1,1 i > l t t l i i /A> f rp t l « i of g w t Wtvt ^ Niieltl t i i M I t t f I N 
t M tut WgtttoMT Efftctt 
r t r tlw iweltl hmmi I t • «ryttt l I t t t i t t tht HMKI I t tntm f t r tht Mttt«» 
• f tlM ttfitr* • ! tMMt •# t tMelmit f lv i« ky E<)t. (1.2) turf (1.S), M M 
to tirttitN l»t» twt toftt» mm 4&pii4tm8 HINNI t to tooNlttttt df tto 
CMitrt of M t t of fto «tol« o y t t t l tiMl vnmr 49ptm4t^ mpm tto ctoNlnttt t 
of Mtelol w*r. to tto otiitrt of M t t of #to«^ertst04 * -
3 3 
* w y t t *•' *" 
titorv tto f I r t t twit M tto right IIM<I. tido lafmr^tw uttoit t to ooori l t t t t t 
of H^io OMtro of M t t of tto cryttt i wlillo tto I t t t t M t t r M o|MM«tt MIMO 
tto ootr i lMtM of tto R M I O I tr.r. to tto OMtro of M t t of tto cryttol. 
Now^R(t> otM to oiq»rotto4 ot 
otoro \,^g^<^> (• tto pMt t lM otoNlMt t of tto oMtro of oott of t to 
oryttol. Pit) I t tto ooorilMtt of tto OMlMkrlM p M i t l M of tto O M I M O 
o,r. to tto oottft of OMt of tto tryttol mi M(t) I t tto iltglootooot of 
tto MMlWt f f M I t t M M toOltlM. SiMt P M M M t <tptt< M M t i M 
(P(t) • P(0)) ttortforo m O M vrlto 
«» ^ «•> 
tlm mm fnftttlMi for tNi •Mitrt mf M M •# th* «ryt1«i I t • p^mm 
w&m Mii • • n r i l m t» ttMi «iliMt«tlfii« of tk* provlont ttcttwi Urn 
first trwlat lwt fwMtiM M th« rIglit IwiMf slit of ttw I * « M •diMtioii 
TiMi first tmnt M tht risht fiwitf tIAi will C M M • lAlft In tlw mmrfgf 
• f tlw vmm rwf hf m mtnttf MQ ^ c r y t t ^ ,«rltlfi9 At* t» tlM rmml I of tti* 
«ry»tal M • titel*. • • « » • • of 1 ^ Iwrf* MMS of tiM cryt^l tliU t«nt I t 
vtry « M I I WMI C M N I MflMtttf* Th* M M M tor* M M M tiNit* of tlw gwwn 
ray tpMtrM t» i^tft Hy M MBimt l^v^^^^^c. TkU I t ttw Oapplor tlilft 
In tlw 0WM my Mtrgy Aw t» tlw M ^ I M of tfco cryttsl. If iw M M M tlict 
tlw crystal Is tsttlslly i t rest tlws tlw ccrrstttiM fmctlM (1.2^ 
^s • / T \ * • /T Cl.50> 
Tc cvclsctc this ccrrslstlcs fMCtlM tw sss tlw iwrMsIc ciiprcKlMtlM 
l« wlilcli Miy tlw first tsrw is tlw wqwRslM cf V|^  Is rs1«lM4 m4 all 
tlia atlwr hlflwr wHrnr tarns ara aaflactatf. la tlits afwraitliwttM tlw 
M t i M af a sMlMs arMwi Its M M MsttiM C M Iw mttrmnH — a 
saysf»isltlM af SN aanwil wmkm, iadi m»i^ C M fea cMst^arMl M M 
Isiipsaisat IwmMic CMlllatar la tlw taasraHza4 aaarilMta aa# 
sscM* TNs flw 9mr$y la aadi M#a Is Msstlsa4 aatf tlw caaatM af 
Many ** ^itmm m fhaaM. Tlw stata af tlw systM Is chsrsctarfza4 ky 
S|WCi»yiaa »aa aaaaar ar paaaaas la aaaa waaa* la TIW aawiaaic ap^rsitiaa'* 
t i M tlw c»lsstM praNklllty C M Iw nrlttM as ^' 






iilMf» Hm Hm v'^ CE) rvprMMtt • UrwitttMi M M •f «l#tt» r Mtf 
HiiMi iflilt* III tiMi c«M •f frm MMtlMt iNMh transttlM IMM miwuptni^ rf 
by • traiitf«r ^f tMrgy C|^  t * tNi mielMHi, In tNi «•«• •# • «ryttsi tfi* 
•mrw tr«fwlitfTMr t» tN» Isttlw Is aot ftwNl kiit dwlnf t» tteo <iteiitltt4 
mttirt • ! fim l«ttl«i vll>r«tloii«, Hm §*mn rty «MI ««h in t 4lscr«t« 
HniwtiMMi of 4Ni«rfy with th* l«ttt«». At iw •«• frm C<|. Ct.SII th«r» t« « 
flnttt pr«tal»}Mty tlwt «• •Mwvy Is •MtNmtMl witli t M tattlMi ami wliol* of 
ttw triMiltloii tmray I* taliM tnmy by ^w SMMNI r«y. ThU phimwtnaw I t 
IS 
tli« MmtbaiMr •ff«ct. 
for 0 lottloo In thoTMl oqulllbrliii, ttw i f phowoii Milttloii probability 
I t givaa by 
W®III m tt»f . ^ I k . y l ^ M ^AL^ .^ (1.52) '«,.«,{-«...,%]-J^^j-—, 
TbiM tlia ftrtbabtltty of tbo toro-^ iboiioii traattttoa or tho fraction of 
tbo total traotltloaa obleh I t raaallloat I t givoo by 
f - ONp[ - <(k.a)^ >T ] < 1.531 
Tbit fraotloN It kBmm at rooolllott frottlao or MwitboMor frootloo. 
faali oaltliibtiiaa tlaa la rofrotowtoi by a Uroatxlao oarvo of aatvrot wNth 
bvt^at tbo iNtaatlty of tbo ooltlpbowoa llaoa la aaillftbly aoall at 
ta«ptrt< to tho latoatlty of tbo aoro-pboHoa I tao aa4 tboy art vary eloaoly 
tuatt, tboy foro a oantlauous boobgrouml ovar tba tbarp soro«pboiioa I lao 
irif. n . " 
«o bovo toaa that for tbo oato of a frao aaclaot tbo Niail Itoataa of tbo 
«yttt» abaofto at o roaolt of tbo obatfO la waoa of tbo oattoHt «bllo 
foli^ froo OMCitotf tttfto to tbo fra«N4 ttoto aoi aaaitt a tbift la tbo 
aotrgy of fiMa ray. Sloliarly la tbia oato ota^ ^otoato of tbo tbaago I* 
- It -
crystal tMNftt tiiiM cMngtiig tk* •Miny ^f ffc* l«ttlM* tlitt cwtM t M 
MMrgy •# th* gwiiM r«y t» «luiNfl« Ity M wmmt^ ^ 
For « hiftMntc tolt^ In D«by« afifiriirlMttltii tli« SOO-tHlft In tlit 
•ncrpy of tlw giMMi my Is glvsn ^ ^ 
Frsn nm slwws •fsstlsn «• sss thst ths shift Is tHs 9mm rsy sssrfy 
dspsw<s spss ths twpsrstsrs • f ttw sol 14 m4 for tfcts rsssos I t Is sise 
luMMm ss tlio tliwwil siilft. 
}** Effsct of ths Tins pssso^wt Hvpsrflso Ifttsrscttoftsi 
Mill Is osssl^srlsfl tlio r^shlsM of SMlsslos/shsorptlso of t*""* r$nf 
frm tiis crystsi* I t «os ssswss4 thst ths systsM ss s wholo ISCISSMI 
ths rstflstlos flol4, tho ssclol sn4 ths srystsi Isttlos or tho shsoss 
f IsN. lilt ths sotvsl systssr Mst ssstsls ths slsetrssle tfsQfsos of 
frssis^ sIse mi ths Nsnlltsslss of ths systws mist tscltitfs tho HsMlltoslsn 
fsr tho otocfrssit Mtlss SMI thoir Istsrsctlos with tho rsst of tho syststo. 
Ilsos I t Is i l f f loslt ts hssilo sssh s Isrts systso asthsMittsslly sMI 
sssitptssHy thorsfors m tshs osr systso ts bo tssslstlsf ssly of tho 
rs4lstlss f IsN, ths ssclst ss4 ths crystsi Isttlos sstf ths rsst of tho 
systss Is rsslsos4 hy s sot foros sctlsf ss tho sssloss srlslsg tfss ts 
ths IstsrottlOM of tho rsst of ths systso with ths ssclsss. Is this 
tflssssrss «s sstflsst ths 4lrstt Istsrsctiss hsfwsss ths rs4lstlss f IsN ss4 
fhs olostroslo isgrsss of ffssis»> Hswswsr, this spfrsKlostlos Is sst 
- 1 1 -
tiMi t u t t r f t n i N M I o f t i M IMI^ I I tvUt of -HMMM M M t t t r l K g wi th H M ) MMMkMMM* 
TIM HwlltmlaM for tlio InttnMl aitloo ulilok tntin^ot tlw Intonctloii 
of micloiit «flfh ffM) «iiri'wm<ltmt, i i i w i i 
Wifll 
Mj^ l • M,j • H • »^ j (1.57) 
«liof» H|| tt flMi H«if ItontM for tho liitorMtloii of t ^ iweloor dwfgo 
4tttrlktitloii wltH tho ctiono tfOMlty of fhtt oloctrwio IM I4O tHo mioloiit 
m4 Is glvoM by 
M,5 • | n Z t V | V e < « l ^ «l.3§) 
whoro R l» tho ehwrfo rt4l«o of tho oooloot mi o)V «>)| flivot tho ohomgo 
ioMlty of tho olootroMt tatl4o tho mioloiit. H. rofrotontt tho lotortetloo 
of tho oloctrto fioiKtniiMilo wiwiwt of tho fWoloMt with tho oloctrle f loN 
frotfiont (Cre) pro4«co4 hy tho torrtofiiliig Ioooo4» oM tho otpite 
ll 
oloctront * 
nhofo Q • < l l | I <3Z| - r | M * 0 ** ^^ ^ootfm^lo Moont oM I Is tho 
s t^o of tho mitlottSt o^  • V^ j^  loi T^  • (V^x * ^yy>^zz. *• ^'^ osyoootry 
MfOMOtor with V,, • (b v/bx-,bx) hotRf tho mopipiists of tho i m toooor. 
*J Jo 
k^  roprosoott tho iotorotttoo hotoooo tho Mfoottt 4l|wlo Maont of tho 
iHMloifS m¥t tho irti|Sotl« f loN proinooi hy ^^ o otoolt olottrsos 
ohors i ts tho fynoniitto rotio of tho ootloor stoto ootf ^^ Is 
- » -
ttm fiiiel«tr wmgimfm, M» M A MW writ* tli« f l r t t o w r t U t l M 
fifnttlM tn Ef. ( t . f l ) M ^ 
<M^(0>Mj;<tl>^«I 0^ <»,»,|>^;<OJM^<t>|«,l,> (1.41) 
wiMir* {||^  I t tim stct l t t lo i l Mtglit iMtwr ! « * ^w Init ial t ta t t 
|» I > . U«tii9 tfMi •KpniMltfi »^(t) • / ( t )H ' IO)U( t ) , vMr* 
Ult) . • i i p [ - l j » t ^ < t ' ] 
It tti* tlMi wNmrmi •|»»rtt«r» »• g«t 
sine* 
\ 0 0 0 0^ ^ «r «• "O'^ M'n) J ^ i ^ (1,451 
M 4 
•n4 fwlistlttftlftg ttw •!»•«• wxprMtlMit In E4. (f.45) «• «kt»tii 
Vi 
ifk«r» fn • f ^ - t I t tht •mr^Y •f Hit witpllt l int . StbttltiitlNf tk l t 
tifprtttltM f t r tilt t t r r t l t t t t t f t t t t t tn I t E«« ( t . t l ) «• find Hmf 
^&'"1 
c n. i f5) 
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H M tkm» •mtvftm nprmtmU • twi • ! UrtHtilwit wmffi at 
«li« ZMMA mi qiMdnipol* M i l t ^sliift* S i^wrt «f t M Mtrtx •iMwiit 
<^«>>J.IH't«.l.\ MMttliit all tlM M^ctrMMyle liif«nMtl0fit I.«. ifm 
^ 0 0 « 1 1 / 
MlMttiA nil«t, tf«iitltt«n |if«bakl I t t iM , «if«l«r MMI iMtarlMtttfi 
lilttrttetlwi • ! th* rtdiwflm with r«M««t to tlw ^antixttlwi «Klt ate. 
Th* Hwl itMfan IL. my bug— f l M <l«pMd«iit dim t» ttw lliMtiMtlMS 
In ih% iM9n*tt« f t«til uUi Ef@ «t t H iitt«l««s. Ttt* t|»tn-Utttc» aM 
•ptii-t|»}ii tfittractlMi cauM atante a l^n to fitft alwis ttia qwantl-
xatfen tftrtctlan thus aaking tha Mgnatle ftaN at tiMi mictaiit tlaa 
dtpandaiit. Tha tftfacttoii of EPO aay alaa flip at a raaalt of tlw nodiila'* 
tfofi of Ef^  Iky tha tharMl ootton of ilsaada. Tha tloa dapaadaaca 
of M tandi to iMMlf fy tha Moitbaaar spaetrwi. Thla problan hat baan 
22 23 daalt with la datall by oany workarti * Anathar typa of ttoa dapandanca 
of H oay ba eaaaad by tba roimatloa of tba charga on tba Mbabbaaar 
atani^^ la tha proaati of tbo radtoaottva dacay of ihm paraat aaclavs Ai^r 
albeffemt my ba aotttad^' taavla§ tba Mattbawar atao ta bifhty toalxad 
•tata, aad aabia^aaotly, tba loa eaptarat alactraaa frao tba aarraaadlaiia 
and mlaatat to lowar toalxad ttata. At tba toalxad atata of tba atoa 
ebaafloa tba alaatraa daatlty latlda tha aaclaat, tba ETO aad tba Mgaatle 
f laid at tba aaelaaa aaddaaly cbaaga fraa oao valaa to tbo otbar, Thia 
prablao la aot wall vadarttaad^ ^ aad ao aattafaotory tbaary aidatsfor 
tbo offatt of aboTfla ralamttaa oa tba Miiaabaiiar apootmn. Hawavar, la 
tbia «p«rb wa will aot bo aaaairaad attb tba portarbatloa of tbo 
Maatbaaor apactnio tbraagb tba oarralatlon fvaettaa <^Kj(0)IL$t) ^ 
wblcb dapaada iipaa tba tatoraal oaaNlaatoa of tba aaalaaa* 
•I Homtm moE mhinn OF urrtcc VIBRATICMS. 
2,1 ttifr»#icttw»i 
IA thU eli»pt«r • ttwly of the <tynMleiil atpvcts of 9rf%fm\ 
i«ttlc« win btt mmkt, At th« liMsbMMir stQi** In WHiy <»••«, U 
an iiii«)tirlty tn a N>st tattle* tha affact of txipurlttas «>fi tha fraqnatiey 
vptfrvm of tha crystal lattlcw will alto INI atu^to^. I t will tMi toan 
ttiat In miditton to parttirt>lfi0 tfia nomal iioda fra^aoAclas of tha 
parfact crystal ffm iMpttrttlat wmy» widar eartatn cMmdlttoRa, giva 
r l t« to I ) leeaMzad vibrational nodair' having fr«(tiM»net*« In tha 
raglon forfeldd^n fo tha noniMil «o^s of tho iMirfaet crystal with tha 
anplltiKNi of stent ilaesying *xj»onant}slly with distanea frcMt tha 
laparlty sita, I D the rasonamsa Modat whose frsK i^aAetas tie tn tha 
rai^pi allowed to the nonml modes of the |»erfM;t crystal and which are 
4^erecterlzed by a larsia vibretlenal aaqplttyde for the tnpwrlty ataM or 
those atOMi with which I t directly In-Niracts. 'n>er*f©r*, oar prImHry Inter-
est In this work Is to see how the dynanlmi of lattice nations affects 
the spectra I distribatlon of the Mbssbaaer «ann» rays. 
The Manlltanten for the vibrations of e crystal con bo written M 
Inl ^ i » 
where <^ I t potsetlol eaarty of tha crystal* tine* the etSMS novo 
eniy a U t t I * fren their e<i<#l I Ibrtan soeltten, the iNitontlel energy can be 
OMiMNMied In terns of the alsiilocssnMwt of the etasis frsn ^BOir naan 
»ttltton as 
**^»^/s*£ "^ t^ wi ».<»•> • 2_ 2 _ ^.,(l«il'n») o.CIn) ii.fl*n'> «•!> 
^ In! » Inl I'n'l *^  » J 
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<^A4k) m ( - — - - - - . - V <p Aim; l '«»)« (-——.-«-^- ) C2.S1 
Stneft <t^  (t«) l« tMi M»s«tt%N» of th« f«roi aetlnf <m th« Im th fttow 
tn th* ( dlr«cti«s0 ta 4H|uHlbrliMi cenfisttratfon •nil In th* MitttlfbrfviH 
th* fere* acting tern m •tem iNist h* t*r»» th*nifor* < .^<tii> • 0. Hmtoti , 
i« th* htneonle mpprtmiwmftvn Kfher* w* t»k* th* ^tfanstoA tipto th* 
q(ta<lr*tlc t*rp «»nly, th* cryttwf H>!»ntefif»n c«i h* wrlttwn as 
wh*r* th* |it«it*ntiat *fi«r{}y «f th* «t»ti© crystal 4> has b*** ni^l«ct»il 
#lne* I t has fK> sisaffleanc* In that* c»i&^!atloiit« 1%* foree «»nstaiit 
't^ . (Iff} t*(»^) aat)»fi«« a nun^r of a»ndltt«tis i«Atiteh follow from th* 
InvMTlancas mnd transfernatton pnH^rttas of th* crystal eotantlal anar^y 
and Its 4arlvattv«>s vwlar fnfloltastiMl rlgld-tMMly trwitlatlens and 
2 
ro^att««»s ©f th* crystal , I .a. 
l i 'J 
(2.5) 
«h*ra xO*} la th* iMMiltlaa vaatar af th* ataa la aavlllhrlua iNMiltloB. 
fwri^mr, tlia fm^m aaaataat &haaN b* favarlaat aaiar tha nyaMatry 
aiMN^ttena •# fim eryatal. f * r a | i^f*et crystal 4> ( la; !*•*> la syaaatrle 
In <l»n and (t*«*J> m4 4aHMl wpan I ««# (^  aaly thrawflh tlwlr tflff*raa** 
U - l ' } . Tha a<patlai» of Matlaa of tha latt la* Is 
i.(l»> • > 
la gawaral th* Mftla* • ! tha crystal can h* aMpr*****! as a m^Mtp^tt' 
tiaa * f 3rM n«rmil BIMNMI af vIlNnrtlaa^ a a«raal «*#* of a harMiila 
- 17 • 
tatttw rtpmmmH • ttat* •# ftm Icttlct In utiltli all ttHm 
viknrti tliMiMiftfMMy vtHi ttw t«M InqHwicy 
tnliitttiitliiS tHlt vftliM IA 111* •^ HfitlCNi Of aotlon «• 9«t 
!• I I I.I J IJ J 
• r In tlw Mftrlx form 
I Ml • 0 f2.t) 
iriMir* X I t » 3rtl K 3rN iMtrIx vlieMi •ItMMtt ar* 
• M « I t • Srtt tltMMit w l t M vMtttr wlMMi nwpimwtt art «.(!•>. 
••«MMt af flMi tftmiltt ltMl t y t t r y af • parftct t ry t^ l t.Clit) 
•M « | I I * K I tMi tftfftr t t *tNi iiett by • ptIitM ftettr wily* tlilt 
•atilt lt i i I t t t t l t f tttf If m ttlit 
«,ClB> • [ «|(«>/MJ^  ) mmi U.Mfl»l ] (Z.tO) 
i4»trt V.(») I t Itiltpttititt af I* Si*t t l t t t l t f ^m tlMwa valiit t f ii|<la) 
I t I f . fS.t) «• f tM 
oiVcii) ^ Z 0,,l«i*j W «,«••> 12.11) 
• | | i j IJ J 
i^tft 0| .(at*} k) I t • Sr M 9r mmfrlu immm at tlia ^atrlar^raatfavvwd 
tfyatnltal watrlii af tlia parfact aryttal. I t t altMMtt ara fl¥aR l»y 
Mliara h I t tiia vava vattar. Hr aadi valta af k tlia aat af i f t . ( 2 . i n 
ftvat Sr ¥al«at af 60 aa^ « (a) vklak ara iaaatti ky 6^^ (k) aai 
«|Cai kt> rttpattlvaly» akart la t^M t mat frat 1 fa 3r» Tkat tka praklaa 
af aalvltf a aat af IHl aa«|ila4 afaatlaat kat kaaa ralatti ta tka praklaa 
- l i -
• f MlvlRf • Mt cf Sr llMMir IMMWMMMWI «|iittl«it III 3r mkmmim, 
tiM W|(»). tk« ttnilti*!! tiMt itm mf •§ i«t« 12.11) li«v» • MNitrlvtai 
•• lutlt i i I t 
I Ojjl««»i k) - 03* S,j S^ , 1 * 0 «.1S) 
mi t MiwitlaM Is of 3r fli 4«trt» In (A3 MMI « I M NNW 9r MlHtlomi f«r 
•Mil' valM of It. TMi rolotloR oi^rMtluf 60 M • fimotloii 4f li 
^ i " t^^ **^  • » • I . *• ••• Jr <2.H) 
U tiMi tflt^omlon rtlotloii. 
TlM iltporstoii nlatloii tin bo IIMNI IN frlnttl^lo to itiHmtm motlior 
Iw^ ioi toot (fimitlfy iHili^ ono ofMOwitors In Hotoroliiliii tlMi tf^^tolool 
pftipvrftm of tlw lottloo* tlio froquoiiey ilstrllMiftoii fwictloii glCA^ ) of 
2 
tho lottlco. Hio qHOHtlfy aoro fimtfoMntol to 9(Lx» I t Qtu^ }, ttio 
4tttrllNitloR fimetloR for tho t^toro of tlio frtquoooy, bootvto tito 
9 
froquoMiy OMttrt ilm oquttloii of Mtlon ot^^*. Tlio tiN» 4lttrllHitloii fwictlOMi 
ort rolotti ky 
8«6ii| • tU^9t0^h (2.15) 
KROWIOS tlio fro^HOMy ilttrllMitIo* fwiotloH tovorol tliorooiyMMilool 
Hti|iortlot of tlw cfTttoi lllio tfMKilflo liottt totol tttrgy tM ootropy 
of tlio oryttol o t « . , ^ ' ^ owi io oktolnoi. 
Tlio ilt^loOMoot mi ooitiitwi lif lo tli otoo ooo bo wrlttto. In fooorol, 
ot 
•i,n«) • ( s i - ) Z fJoj lit) 9(kt> o '" " I2.li) 
' • % ^ ht » 
^ Clo) - ( i ) I H-loj kt) P{M •'•«•*<••> l , , ,y , 
I " ' kt • 
olioro pfkt) oro tko M T M I ooortflootot of tko lottloo mti Nktl ofo 
tkO WtlltMO OOOjOfltO t o Olkt>. SlMO 
- I f -
tiM MlMtltMlMI 9f ff.12.4) CM b« tHprCSMi III tMWI • ! QlltS) M i 
Hks) M 
« • * I [^<la> PCktl •Lo'Ck) P»<lwl Wlwl} 
lit • 
TIM atov* cM^rMttiii fcr tlw HMlltMilMi • ! tlw eryttvl l«ttlet 
nHMMmblat • •ollactlflm •f imitipmiMf IMOMMIC Melllatcni. Tlicrtfert 
lattlM «•«•§ CM bm qiNMtlt«d l« • my tlnl lar t» that far a liaraanle 
SI 
'<l4«.^^i||ijr. QaaatMi of lattlaa vlt^rattaaa la ttaavii M pfwaaa. TNas 
na Kfl^a 
^ 2 / lis kt 
C2.I9> 
nliara a!_ md a ara tita craatlan aad anatlillatloa cfaratara far 
«• ka 
tha kt ^ aaraal aa^a* frm ttia aaaaatatloii ralatlaat of «.<IM) aail 
p,(ia) I t fallawt tkat 
C V V a ' ] - Alk . k»l S^j. aai [ a ^ , a^.^. ] - [ aj^. aj,^. ] - 0 
• M M • I Oi^ Ck) [ aj^ aj^ ^ • • }v (2.20) 
Tka alfaa vactara of N ara fka «Mal karMalc aaalllatar wwa 
faactlaat* Tka aparatar a a « n^m afaratlat vpo* tkaaa algaa 
vaetara> glvat a aaakar n^ wkldN I t latarpfntai at fka wwtir •f fikaaaaa 
la tkat MMla vltk aaak pkaaaw kavltf aaany ataal toliUi (k>. Any •Igaa 
tHfta of tka aryttal Hvilltaalaa aaa ka ap»actflai aaii|»tat»ly ky w^tttfy^H 
t»> tifttt ft Jii¥f»ty« 
latraitttlaa of lnM^ltltt It • tryttal lattlaa 4aatfayt tka traatla-
tIaiMil ayanatry #f tka parfact aryttti lattlta, tkat aaklkf tfi« 
2 Old 
^jjjndujj DJdojosi MJIAA eDiuoi D 




IK ^ I * pftMMM •f ail tapiirtty fNi f«r«t camrtMtt <P Almi !*»*) 
i ayM MpM kvtti tiM lii^lCM t i N I* ««tf «M tan Mt vrltt nm 4lttl«e«* 
MMit U.CIM) In ffm 9$ Hm wtm vtcttrk. Hmmmur, If • tliml* tefwet 
ft liitniM—<,tlf fMit •# tiM l«ttl«a «M k« «aii«t^r«tf t» b« parfact, 
Mklfifl I t pMttkl* fm writ* t ^ •ff«et af flilt |Mrf«ct tM*tt«i •# th« 
lattle* In tMiM • ! » 6 IMI I *S ftmettoii i M tNm fmemt mr attwitlwi 
•A tlM» 4l»f««t I tMlf tiMt rMHMllll tlM ffllltMl MMHtltlly t» tMrt of tl)« 
ylknitl«MHt •# • Mil«eiil« «MMilttte0 af tiM 4»f«ct (itMi tmi ftm tifmm mlfh 
«lil«fc I t i lrtctly iKtsract*." 
In tlM pfwtmm of • ^f«ct ^i* •mfim H mo/ftm (Z.tl tan b« vrlttMi 
M 
a - 6 t } « » 0 (2.1U 
whart tlMi alanaata af ttia Matrix 6L ara gfvaa fey 
SL^^ilmi l'»») • CM^  - H^J a>« 6,,,^ g ^ . 6,j 
aliara c^|4lai !*»*> la fha faraa caaa-hMt far tlia parfaet aryatal* 
*^ **«. *• aiffarawt fraa M. aaly far ttta Inaartty atw aatf 4>.. (I»2 I V ) 
HI • IJ 
0 
mrm 4Hfmnmt fraa <P.AImi i*m*} aafy intwata tlia laparttyfiatia tmi Urn ataaa 
witik alitali I t 4traatly tataraata* TharafaraSLla fanaral will Iwva 
3a M 9a aaa lara afaaaaH alMNna a la tlia aaafcar af atma tflraatly latar* 
aatlaf trltti ^la lafN^tty ata« laalaaiag Hia laaarlty ataa Itaalf. 
^niarafara l»y aaltal^ly lataraliaailag raw aaa aalaaaa m aaa «rtta 
^ d! • / it,m 
- 21 -
t^mn 81 !• • 3ii X 3ii iMtrfM. MHItlplylfff Eq.l2«21) frm ItM 
l«ft Irjf tlw Mrtrix 6 • L , ttw OTMU'S fimctlon iMtrtx •f tlw M^wtt 
crystal» «• ok^lM 
M « 6 t u C2.24) 
Llli* S I «t pirt'ltliM til* M«trl«M e (Mi tt »• 
' ' (4tfe) ^-(t^j «•»' I 22 
wK«r* I Mii ti arv tn th* tuie* of ^ 1 . En. (2*24) «m to t i fa r t fv i 
Into tifo Mts of •(pt«tl«nt • • 
«, • 9 SI S, 12.26) 
S«t of E4|*. (2.26) oro tlHi 3m hmogtutom oqiiotlont f w tho 
4l«f>l»«w''t of tlio atom witli wliltH tho tii()«rtty ottii IntoracHi 
illrottly. OMCO IL oro Immm, tho ittplooMontt of tho 'Mi t of tho 
otoMi ton t»o iotomloMl fron Eqt. (2.27)• Hio eoftiltton fimf tho 
E<ts.(2.2S) havo iMotrlvlol toliitlomi ft that 
I A<^^) 1^  = 11 «"5 si I • 0 (2.2S) 
Nooto of thit ofMotloM fftvo Hio fro^ooMlos of only thooo Moraol 
MMlot Hhlirti oro «ffocto4 hy tho lotroAwtlon of tho Impiirlty atoo. 
E4|t.(2.s;s\ caa ho goaoralliotf la tho fel lowing for« 
ACZ) ^*<Z) • \{1) VC2) <2.2f) 
whoro 6«> hat kooa roi»laoMf hy a contlox varlahio Z, A = 1 &I, ani -V (Z) 
art 3a olfon fimetloat of tho oatrlK A with olgon valaot >^ *5<Z) aatf tha 
fruaantlat of aomol ootfot portarhoi hy tho lntro4ii«tloa of i«portty 
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• r « I tM M l t t t l o n t 9f t t e C f l M t t M ^3(60^) • t . S IMM f S I ! • In 
fltiitrtil fwet • tyMMttrle Mtrtx« w tnffintm ih» l«ft IMMIAMI •fgwi 
Th« t«tttM vlbrtttont • ! th* l«p«rf««t cryttti am also Iw qnwitliwl 
by • AofMl M)4* trMisforMtloR tt«l iar t» that of tlw parf««t crystal 
by vrtttng 
p^iM • . » ( - | ? ) ^ ^* 8"ci«) (a^ - a )^ (2.32) 
KiMira B*( !•) ara ttia al$^A va«t»f« at liia dyamloil mtriK of tha 
lafMirfaet cryatal aN4 co *>^ ttta fra^Hiaiialas af tfta aaraal MMlat «f tba 
laparfaet eryttal. 
2.4 lo«>ltga< Madaai 
Tba tpactal <lapaiKNMiaa af »'» whara a rafara ta tba parturba^ natfaa of 
tha eryatat. Is datarafiMMl by tha iaiMiManea •f fhm 6raaa*a fimattan 
e,,(la .!*»'} 60 )^ aa tba tftfffaraaca batwaan tha tadtaaa I aa4 M. I t 
taa ba sbaim tbat 
e, Aim, l»«»; 2 ) • cowa.Cjp^ J^r nf(Z) aatn p(Z) • 3r «> IL- lSft l i l l 
•J s J (Z->)» 
Hara Ud^ bas baaa iaaatai by Z and 
f p a ; l»»»;6.3j(b)| • a|(ii|ks) «*(•*; ks) 






































4|(Z) iMii^ t M frm^Mtf t fMtrwi ml tMi p4NH>««t tryttal mi fhm 
fWNCttM pit} t t 4«f llMMl toy ttW 4H|IWtlflll 
Z » X (p> (2.9S) 
f f in E<;» (2.25) m t M th«t for th» ptrtuiiMNI iwdo s for «l)li^ Z tlo 
III tfco iiitorvol (0* Z.) tlM 6riMHt*t fwietfoii 6 (In} ! ' • * { Z ) hn tm 
etctllotory or M V » llko churoctor M • functlofi of ( I « I * ) , thoroforo 
f rm E H * <2.2f), (2*27) «• too t l i i t for tliot noilo IL will alto h«v» • wavo 
tlko ^i^rtetor. 
If Z l l« In a r^loa ferklMaii ta ttia aormil aadas of tha wpartarkatf 
cryttal ttiaa 9^itJ vaaUliaa aiMl 
(2.36) 
O f 2. 
e ( l « , l»ii»; Z ) • c4sw^.X5vJ c^ > ^ ^ _ > ^ ^ 
Tha atyiq»totU bi^avlaar af tlila fwietioa In tlia Matt of larga 
x(l«. r » ' ) • K(la) • X(l*««) far a ^rtarkMl Mtfa with Z > Z la sivan by 
aicp[-o<(Z - Z,)* R(l»; l»a»)^ 
© -^ canst X -----«-«--t--«Ji--«-M»«««---»«.« (2.37) 
Rda, l*«') 
whara ^lim, ! ' • * ) » | Z •^j ndm, I***) x ( l a , ! *«* ) . I t follows fra* 
E<|8. (2.37) anil (2.26) that a* for tha atoits vibrating In such a 
4aaaya fastsr than «Kponant}al with Incroasing tflntanea front tha Inpartty 
ata«. Than only tha loforlty ataai and a faw atsmi SMrroandlng t t 
fHMTtlclpata In vibratlan of aaah a notfa and for this raasen thasa nttdas ara 
rafarrad to as laoallsad wadaa. 
2 Tha frofwaacy ssaatriM 0(a:k ) oaa ba awyraaaad as 
•((*b*) • ^ \ S(60* - a>*> (2.3i) 
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Afttr MM MttiMattMl Miilp«l«ti«ii tlilt MiMttoii ctM Ni wrIttM 
• t 
vMrv ^ . • 60 » 10 aiitf 0 • M '<p M' Is tti« tfynwioil attrtx #f ttw 
Hi'twrlMid crytttl . Slat tarly f«r ttw wtyrhiffcsd trystai 
V"*» • iSTT ^ iiS^ ^ 1 " - ^ "^ "^  «••«" 
TlMinif«r« Chang* In Urn frauMwuy tpactma AM t * tNi IntrMNictleii 
• f l«|Nirlfy U olvm ky 
for 60 lying In t N ranga of fraq«aaei«allaMitf ta t M nonwt aaiaa af 
wnyartaHNMl aryttal an< 
Aec^*) • r:i~y 5 S<c6^  - aiji - sc i^* « uyj C2.42) 
3rHTl % C • Ui 
far /o nat al tanai far tha nanwl waiat af aapartufiai cryatal • Nam 
priaa 4anataa a«MHattaa avar laaatUai M4at anly aatf lo | - la ttw 
ffMiaaaay af fha kaa4 a<lga Inta ulilali tlia laealltad aaia ratama aa tNi 
INM^rlMittan *ia f lagwrlty atait taais ta sara. 
irrlting A (^ ' l la taraa af algaa valaaa af g H 
A«W*) •T i^ l - ^ (Lii*>^ C2.43) 
mi vrlttag }^  (Ub*) ta Hm$ af Its raal aa4 la*afMiary purH aa 
^ 1^ ^^ ) • >, C60') • IX C^^'l, t f . a.SSI taa ha writfaa aa 
• 1» 2i 
SfWnjj- i, ^ ,.^^->:i 
' \ 
• 2f * 
• l/i«<6i5*> (2.44) 
wlun priM itMitM tflffwwitUtiM with f ipttt t» tim wrfUMiit* 
rrM tti* wkmm rMMit «• • • • thirt' f«r stMi t H M wiiNitlm > (^^) « 1 
H M • Mlvt loi i i / l» tlw MlshbeurlAotf vf vlileh ^8(6^^} Mtf hwv «(6o') 
hM • rMINMNNW tNMTMttr 
2 1 • ^ . 
Srtin <^2 . ^ t , ^ I ^-I 
X , (60^) 
with r • 2 ™ — J — . 
^^«(^ ' iMif • frm rtiemmt «)NirMt«r If nm wt4tk • ! tNi rvtMMKw 
r (^ > )^ I t iMt tNm tlMi wUtli ^f tlM Irmwuty »»ttiri» • ! tlMi tLV)}}«rtitrb«4 
«rytt»t 
*••• I r I /co^ «.4«> 
tolMtlMt •« «qii«tl«fi ^ (A)^) • 1 vhlcli Mtltfy til* wk&m •4««tlm 
2.< 0»ifvt»l» I f f t t t • ! ttw U t t I o Ma#»8 
• nv pl^MMRV* wT I9MII iStNl NMHMI (Ms IPMMII9MM M0MW STTVCT IMWy 
fkytlMl pltiinMim t l i f r v i In toll4t. iMlMtIc tctttwrtiit • ! cMii««-
t l M • tMtmit %y lMil iM4 MdM affMt tlM • iMtr lMt r«ttttWtty'^'^^ 
MK tlw •l«ttrtfilc ciMpiiwit •f nm tlMTMl eontfiietlvlty IN a t t t l t ' * . 
S««tt*rliii •f pkmmim toy tiMM aMM 1—4 t» tlw rMMMM k«li«vl«iir of 
tlMfatl «Hi4MCtlvlty mf liiMl»t|>Y5*'' PttrtHor, tlw fMt tlwt • tfttcrotw 
f f » n w y M^arvtW frm tiM kaM of MiitliMNNit tpoetfiMi liy ttev fliilt* 
frt^Mimy a«^ wcltti I«MI« t * tiM r—mmm iMtwrtc tfp—t In th* t««tt* 
•rlMf wplltittfto of v«rl«i» |Mftltl«t on l«i(il ^f«ct* (f«f tMipl* , 
MiitfMi •Mt t t r l i^ ) . ' * hmhmr ty|M> of •ff««tt wrtm tfiiet* tiM fact tliff 
• 1§ "• 
til ttw rtMlHtliMi •# ftw tfliplMWiMit vMtar •# tiM laiwrlfy vtoi Into 
wltli • fiRltt Mlflhtlim til f i i t r t i t t» vHirattam • ! ctnttiHwiHi 
ipttrwi •tdi mf «til«h tt tntltitfttf wtfli m tiiflntt«ty SMtl wtlafcttfif 
(^tAr* «fc*rt N tt ttw miwttr • ! t t tM t i flMt crystal), tlitt MrttM 
^w MMtk«i»r SMHMI rwf m l t t lM frw tlw lapvrlty • t m , «lit<^ ^tpwitft 
upMi tNi #yiiMilct mf tlw la|»«irlty wtMi, t» IM MMltIv* t» Hw 9n—rmm 
• f t«»lls«tf atit* TlNi •flMir phiiiwmn wtMlatai witti tiMi ^ItplM** 
•Mt ($f tlM iMpwrlfy wten tmi Its laMitatv gurrtiiMlmi ff«r mtatla 
•ptiMi tftnsltlMt In iMfwrlfy cmitrw^l t r t • ! • • af f«etN by tlw 
•IHP—rawo af teesttiM wmitm, 
to WMM In i^i^ttr t tlw r«aitlt«tt frtetton ami MCHiklft • ! tli« 
Miiirtimr ra^lKtlM 4»ptm4 iipMi < / > mi < i^ > af tfi« ratfltttim 
mNil«Mi rt»>—tt¥tly. In tNi tM/f approMtiivttMi mm okiNiliit tlit 
Altliiiuli *i^ • Hf'act «rytt»l tlw tNv* •iipr»ttl«mi prairltfa • gMi 
f i t t * «••• • ! H * •MparlMntsI 4«t«> kwt iikM tlia Wa'titamr • t w I t 
I t tilt f tm mf m ln^iifIty I t t littt t t t t i t t , tlittt twprtttlttt tf% t t 
tttgtr vtlltf* Ptr tilt I t t t f t t t t t t t f l t i t ^ 
CO 
/ [ i^.ir( l«) ) * > - l l k.k, (idotttli ii^tUi IttU, Cl»,t*»<} vJ - 10) Ct;4f) 
poo M ^ ' ' i '"^  
<y<l«)> - ^ 2 <^w* tttli ll^liw l» V (la* i V i w * - !•) a . » ) 
I •'o ' " 
«l»trt tt. .Il»« l*a*} u>^) art tilt t l tat t t t af tlit irtaa^a faattlaa aatrlK 
• 3fT -
Ml lMtiif»lc l«|Mirlfy S t I t mty • 5 X S i l i i w u l Mtrt i t ani t^s. (2.4tl 
Mtf 12.50) «M k« Msl ly t l ^ H l f l * ' ^ t i ^ n M tli» M M • » M f 4 l tp lMMMt 
M l vt lMl ty I N t t r M mf t ta tfMslty •# s t t tM •f ttw M^rtui'Uil c r y s t t l / ' 
lllM¥T» IN MMt • ! tlM MMN M * MCMNttrt Witll tiMI lllfMirltIra Mhlch WTN 
MNt iMtOfltC Mil thin • I^ UMigN IN f«rM MNttMt I t a l M NttMlNtti Witti 
ttM) laiNNrtty* TNIt firelitM I t 4 t f f ie t l t f t llMillt NMHWIM & L I N th l t 
« tM, will Hwm I trg* NMlMHr • ! t l t M n t t . Ca lMl t t lMt kaM IMMN 4Mt 
bf MtMlNf t cteNd* Miy IN Urn NMfMt Mli^NMir f«rM M M t w i t . ^ ' ^ ' 
2.7 ^ItNfMNlcltv ami K f t l WWIN H f» T I M : 
\itf tN -ttkit falNt «Mi hmm frmiH4 tUt cryttNl M hNfMHite ! .« • IN tht 
M^MtlM m9 tiw crytfti patMitttl tMrgy IN pmmn • ! ttit vtMit* <li»lacMniit 
HW tNTlM «M ttfWiNNtvi t t tllN tWSMll NNtf ttTB. t t t • f M l CrytttI 
I t NNVtr t i t f M i t M 4 N M tiMMN ttlct iNtt NMOMt ttw htgtMir onltr t t m t 
t i M . WMM thMt tilfNir 9t4&r tNlitnMMic t t r M t r t ti4t<l t« t te cryttt i 
MMl l tMlm ttM» M T M I M i t t t t t M of ttw htrMttc t ry t t t i N« ItNgtr r t M l t 
iNw tPM NlfM t t t t M Nf tltt tOfftI H M l l t M l M . Tilt off tfltgtMl MtrtX 
• I tMNtt #f ttit t t t t i H M l l t M l M t r l t t i ^ tfM t t tUt MVMrMNiC I t t t f t i t l M , 
Miwj tNM t r IN titktr Mrtft tlit ptitwtM Nf t M «Mlt M N t tMy iNtt tlit 
lilitNttt • ! vtlitr iit4M tlmt t t t t l t l t f t f l t l t t l i f t t i M . TIM tttal lNf 
•NtNf tlM NtfMl M t M iNptrtt t ttt^ltX t k l f t t t tilt fPttMNCy 9t t ttt i 
• f tiwM M 4 M « Tilt f M l f t r t • ! t l i l t tk f f t r t tr tMNtt M tc tMl t l i l f t 
I N tNt frtfttNty t l i t t t tlit iMMflttry pvri § I V M M M f M t t t l t l 4ttty Nf 
tilt taplltiMt «f tilt NtTMl M4t tNi I t iNttrpfttMt M lit if tilt r M l t r t M l t f 
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l t l « t i M •# ^Ml MMI* * tiNI MMplM frWfUWiey t l l t f t « N I N I «il«ll l«tMl 
t1 tt>« litrMiiU trytt t l .^ '^^ I t !• fmni iH&f tlw wlitli ««• t» ftM 
promta— IN vhtcli • l«iniltt»4 aM* ilMwys liit* tMi InbaiuS tg»<dM U 
f»r9tortl«Ml «• T will!• tiM wKtti AM f« th* ilM«y •# • l«e«lli»tf M 4 * 
liit« ttirM tfilmii »»<tt It ynyrt l i i i i t t» 1^. Tii«r«f«ni, If tli« icMlli^d 
wMto fruiwmy ft grttttr tlwfi to^^. I t «•« mit 4tt«y I t t t tw* IRINMMI MMitt 
WKl Itt wftfth will kt prtfMrtttMl t» T, for Itealltttf iMMit fr«<|iMMl«t 
I t t t that 2t^ tkt ttnttnittrt 49pmimm • ! tkt wf4th tl ittU b« Iwktjfwttii 
T tiidr^. 
IM tmcT or m IMIMMKD UTTICE MODE ON THE MOSSBMIEK RMDIATION 
5.1 tntrNhictlwit 
tm tuti m9pfr m ^ I M M M ttM •ff«€tt of • iifthly •x«tt«tf vtbratf«Ml 
iMMto on tit* Mpmefni ^tttr lMttM • ! tNi Mmuibmisr rstfUttcMi. TMi 
vthratlttMil iMMl« my e«t cxeltMi •tth«r »s • rMiilt • ! "HMI tftttr 
•ff«cHt etiiMtf ky ttw fiy«l«ir 4«aiy prttcwtflng th» fenMitf«Mi of MMsbWMr 
4t 49 
imcttMf ttatt ' or I t Miy IMI «Mclt«d[ wwitefity by ntntyfns 
40rt«ni»t iMirtiirbitloii to tlw MosslMtiw swi|il«.'^^ 
GMiNnilly tlMi MMftbavmr S«MM niy mltsleii Is >>r>ai(to<l liy tm • M i o t i c 
iwciMr •wMit «M(^ 4«pwttM • iwTf* MMMtnt of tMNngy In ttw MiglikMirNMMi 
of tNi lifMitbiHMr mclMt. for mimipt; If tlw Mostbawir miclmit I t fonmi 
Hy tiMi iloeay of • iiartiit mdtaetlvo mielmit thnwgli •loetron ctptar* 
25 HMNI M • rwMit of tlio Aw9»r proetM otwilc oloetroiit or* w l t t t i 
t^ tdN tOM Hoot of tlioir onorgy In flm nols^bottflioed of tho MottlitMMr 
ottM thini rolttng tho tiMporatiini of tlio •iirroundtngo to o High votiM4' 
Attonuitlvoly, If tlio MMsbmor oxeltod ttoto U fonMii4 In o nueloor 
rowetlOR, loryt ktnotlt onoffy I t loptrtorf to tlio Mcwtlimior nticloiit 
by tho tortitrilog ^ft lelot . At * rotult of thit roooll tlio fioeloiit I t 
tfltfiltooi frto I t t i»otltlo» ottf i l t t lMtot ooorfy olong l-ht potti boforo 
tottl ltf 4mm to o lottlot t i to. Tlilt pirotott tlwt fotorottt o *'tlioirMil 
tplho^' Tlio ooof^ iy lo tlio t#llto 4lf fotot Into tlio orystol In o tliort 
tloo wbloli I t 10* t'^ totf tht torrtooiliift of tlio MtttHotor otoo otoot 
Into tiMfvol ootllibflwi vltti tlM ootlro lottloo. OHt, If tlio MtttboMor 
mioloot I t I t tlio fom of t t loMHty In o liott lottlot tliott o loeollioi ootfi 
•Itlit olflit bo ottotlott4 oltli lt> ontf In tlitt otto tlio tnorgy lotlitil up In tfio 
loooMioi ao^ will foltK tiipttttloHy to tbo thorool o^lllbrlto votto 
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Ift • rwtftlvfly MMh imt/dtr tfiMi« If tiw ImrnHmai wmitt rm^mmfim 
flm T. I t mm% larstr tliM ifm Iff* t l M r^ «# tis« Wiatiaimr l«¥»l, tNi 
tiMltMl iie l^* wtfl fM>f mtaK aiPtrMitai^ ty 4iirliit t ^ WMilcwr H I * ttwi 
wMl tlwr«f«r» I t i AffMtt OR fhm MNHiMwNwr rwifiitl«n «•)• !»• «iil«il»t<M) fey 
•••wwtitt I t tp b* mimufcd. In ttai vffmr m^rmm oar* »f ^^ << r > 
tlw tomltsiMl (Mit Iff It rs^ltfly C«M In f^nml •fiit Ifferttw vtth tlM «rti«l* 
I t t t iM MKl thmn* wtif fe« «« of fact «MF ttMi le«»<tz«tf tmtm mmtftfim mn 
Urn ¥m9kmmr rMltattw* for fit* vtlwui «f lo^ltiotf ii«4* rvtawitloii 
tf(M l» iMitwNNi fhm 9bmm t«fo «Ktr«M OMAS* ni»et«i» wf tl M * tht r«taM»-
tftm of l«cNilli«l ncMl* and ttw IMMI* mlamtlMi «f facta oa ilia MiMafeatiar 
rwftatlaa vl l l i»a «l>aarval>la. 'nwaa affacta will fea 4faaaa»Ml la datall 
la tlMi aiMt lampfiw. 
A yhaaqataolagtaal ly stallar atttiatlon cMMwra aliaa a partlaatar aaraal Mitfa 
• f ttia lattlaa la aiialtad afeava tfea tNuwil a«|tttltferl«« atata fey apf tyinf 
attraaaale wavaa ta tfea Maa^ HMiar aaaraa ar afeaarfear^  ar fey CMpailaa 
Maaafeaaar aaaplM ta raila fraqaaaay flalia. " ^ ' la tfea caaa of 
farraaaflwitta aafeataaaaa tfea «aoaataalaatta aoaallai^' aaaaetata4 altfe tfea 
^artiNrfeatlaa eaaaaa tfea aaaryy to traaafar frao tfe* rf f laltf ta a 
pwrftmlmr lattloa oaia feavtag ffea aaaa fraqaaaay *a 'Hiat of ih9 m^H lad 
f laid aa4 tho* laoraaala« tfea poaalatlaa of tfeat f»artlaalar laada* ta 
•otafa rf f lol i mm olao taaarata wltraaaala aayasfey aottaa of tfeo 
loraatt foraa an tfea ladaoatf mtfnmf la tfea afela ^ t f e . ' * If ^m aai^ llatf rf 
oltfe tkia WMl tfeaa feaoaoaa aaiMitaat at a laval at adiofe tfea aaariy f laalas 
fliVw T U V H ^ O T VifMIlP TfWP mImwWf ^i^PVIflS Www TW T U V Vi l lVI H W i l WPPV 
vio tfea Mifcawnato aaapllai. Tfea* tfea taoparotafo of Ifeot portiaalar mtm 
WifWjfW H IWWI»H^F 1PW • • w l w w •HPRW ipP^PPWwa wwlPPI w ^ ^ Ww*»Wl^P v^PBipiVrWrl lF^ l i ^ W TWW 
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t^^n^mP wMl Mtth«ry WMI tot*^ titv* icrtvetJlM^rMttMt f«r th« 
rolttiv* tntMitttlM of alMMHi^ proivoMi In tho MottkoMir rosonwieo 
owiftfl t * 0*1 wwttMl lottlot oodhi. Tkotr tlitory tt l i iniito to for ot 
ttto r f pwptii phonont oro lowttriMHl but oorttlnly not to for tho toealttod 
«o4o plionofit. Thor»fort,tit tlio foMowtns dotollt of tlio th*ory wliteh 
hM boM tiMelflcolly 4t\iotopo4 for tho of foot of both ttio M I I I M I ^ OIIII 
i f p t i vtbrottoool m*it o« tlio'McifetbwHir rMtlotlon oro gtvoii. 
Uto oxprottfon for tho Mttstoti prol>oblllty i t SIYMI by C(|.(l«.12) • • 
- 0 0 T 
At tho offoot of lattlM vlbrttloiit eo tbo MeotbMNir rtdtotlon It etntolMMI 
In tbo «MTototloA fwicttoR ^9 * o ^^  ^ Y » wt rowleoltto tbit 
corrttttloR fmiftloi) ttblfHI litte ooOMtnt tbo highly tMcltoi vtbrtttonol 
NMNIO dottgootod ot q* aodo with tpoetol ttgntf IOMIOO* EMfirtfttng oft) 
Q 
•Mi 0(0) in torot of nerml wtiii I t ewi bo thoMi <Ht«t^  
[ 0(0). 0(t) ] - l -5g™*~» ».2) 
obltfb I t o tonottnt owbbor mi obvtoiitly will ooMWito with «i(t) m4 ii(0), 
tboroforo 
/^Ili.iCO) ^-lit.o(t)> , <;tr'*** i^*^* • **'^5 > .*(.^-««»» fc^*?<t)l« (5,3) 
fortlMfp for tbo btnMiil« • r y t t t l ^ 
•» 2KJ •* 
Utiiifl tiMi WHWil WMte «M|NMti«fi f«r « ( t ) mvt ii(0> 




«li«r9 tlw tHMnvtlfiwi t t mlV' twar HMMMI N imnMil mwktM «til«h wr* 
p»l«rlnMl •trna tii« iHrtctlm ^f prtfMfatliM •# t N jr«MW rty tNtf 
• H cttMr Mt^t iNiliif uilM|nn»i» TIHM 
= n ' « » r - 3t ( I - • • • c o t ) • IV •In6i3 t l 
X •i^r - z ,<i - •••Co ,t) - ly , «iiico ,t 1 o.fj 
Z m 2-IU— (In • f > O.IOI 






mi n» «Mii mt wittiiwHu t M t tlw t t ra for 4| « 4* hat bMw 
•MClH*i4. Utiiig tiM f«ll«wlfig umrl— «M^Mtteiit 
t «l ^ . > 4 (Y ) • ^ 
X • ^ 2 _ UZ^,> J.<Y«.> • ^ «.I3) 
for fhm OMtliHiMi MtfM of tb* iiittle*,tiiMMi *fm mwHr •# atami N 
fitrtlel|Mi^tii9 In tH* ••4« ft ^ I D * , thvrtfor* Y - 0 WHI IMMI«« 
y Y ^ ) . I . N J^CY^> • 0. 
n V ^ • •K^ r - I ' — r <• • '> 1 • •'"^ * ".14) 
I t Urn HMwi 0»ky«-lf«i l«r fa«t»r wttli t l i* ctiitrtkvttM of tli* 9*tli 
wMhi b«lfig Mj^arwtMl M t . TMrtfom 
X ••^' "Zl MX ,) 4JV.,) J*""**^t* OJ5, 
Nw OM •Ml writ* 
»-c- liiCi).^ ' 5r ' -« . ' I60«t 
TT H «^<V» "T^  W * I Tl »o<2> I « ) • n , . , C3.IW 
III t i l * • ! • « • •K^rMtlM All tiM t t r M •HMft tit* f i r t t mm 1—4 to 
mi tlMPilom tiiMo tvTM o^o nit itMfiil f«r #iir Ni^pt** mi mmh* 
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Mt l * t t t i . FvrttMr, «•!»§ tK« Mrt«t «MpMittoii ft L(Z ) wi f Iii4 
, ^ , * 
N«w for all ttM MMkM iMMtt th* q*tli N N * N I t MMM ami ttwrvfort 
q " ^ q >r H* 
m4 thus tfi« Eq. (3.15) iMteam* 
Siibtttttitlng fq. (S.lf) fn (3.1) on* ol»t«}nt 
l l , I IP-00 
W(C) • «Mitt • "" • ^ > I (Z .) J (Y .) 
0 q' q« 
Frwi tK» Atravt •qvattlM M; M « tfttt t l« •!f«et «f th«. »»clt*tf mt4* U to 
ftvo rito to M tMfintto fiuokor of tttebantft of Lorotitslon ihofo with 
wl4tN oquot to r , oyMMtrlcolly plaoo4 akmf tlw control imthtftoi Moo 
ot OAorftot f|| t 0 0) ,* IIMMM tltfol^ ofirfii orlfo ioo to tho mioloor trontttlons 
wdtoh &f oco«i»iiilo# kf itm oolotloo or ofttorftlon of n ptm^mu of q*tti «oio* 
In tlio tfmlt Y-^0, • tltiiotloa o»^Mci^lo for tNi rf pm^^i phmmn, tho 
oKpfNitloN (3.20) miroot wttli tho ratolts of tlio oarl lor oorttort Is 
ovory iotoll looliiiliif tlio lotootlty tfUtrltetloo of ttio •otclllto llnoo.'^*'^ 
Hmmtw, I t thoiiU iMft notol t N t , ttooo for tlio locol laod oo^ o t)io oMibor 
M of tlio mictol forttolfotloi In tlio ao^ lo^-l* tlio poroaotor Y otn lo of 
tlio orior of ootty ooi tlio dopowiwiot of o looof lto4 aoio m ttio i m o l 
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fwmftm 4 CY) I M M M S tlsnlf icaiit. Pigs. B-alk thM tlw lii1«Mltl«t mf 
rM9««tlv»ty • • obHlMNl f r w M . 15.20). Ito S M tti«t In t l i * C M * • ! 
l4MWlltMl «lt i* t)NI tllt«IUllty Vf t iM R-tlMMMII Witst fM lllMi I t MJft tlw 
• t tb»t of tiw n-phmwi iAs«rptl«(i I tfw« 
Tlw •MeltatloR of • l«ttlc« wmim will • ! • • «H««t tiw Mconi onhir 
DOM>l«r t l l l f t 9f tlNI MMtkMHir l l n * . CxfW««ttflt tlW MJWMttMl H of th« 
ra4l«tlfi9 nuclMit In "NTM •f fhm crMttttn WMI iMfilhtlatlttfi •p«r«tort 
• f th« wr—I MMl*t, 
0 
«• 9«t for f»i« SOiKtiilft Ao) M 
<lt^ 
«K«r« tlw (MNitrllMtttii of t M n'tti wM* has IKMMI Mptratt i •v t . ^ N I 
€i|. (5.22) rMii I t t 
A t • - S t ^ - - i - —2 <2Si . • U = -SE^ - r-° Z . C5.25) 
* <> 2«^ 2MN ^ • °^ 0^ ^ 
niitrii S t I t ti lt Mirwil S90*tkift I t tht rtittttt of ttw i|*tli iMKlt tii# 
ttit t i t twi t t f « f t¥t i tfct SM-tli lft A M t t tht tMCltti «t4t . Tltwt tkt 
I t t t i t t iMit ««ilt«tlMi rt twltt I t t t I t t r t t t t In tlwi S0O*tlilft vltli 
-HI* lfi€r«ttt N»1tf f#«H^(<HMil t# t i l * tv t r t f t phcttt tMclt t t l t t t m u r 
• M li lt f r t i t imy #f tlit n i i t . tMir t f t r t tli« I t t r t t t t I t lO l^h l f t f t r 
-Mit M t t • ! • I tetl lfttf a t i t wMI l»t niiili I t f i t r t l itt t M t f t r th* M M 
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tlw l««»Hs«tf tm49. ft f l » « M * • ! t M t4.4 l»V f lWMlt lM • ! flHi 
r* ' ' fW«l««t, t t k l i t 60^* - fO*' Ht witf to* Ml Mitf Z^t - - UO M< t«*0 IM* 
tNi l«Niltt«i MMtat mi rf 9>iMt««l •MftlmiMi MMto n)HMt|v«ty^fht I M M W M * 
IN $O0i>irtitft IN tlM t M « N M « mum «vt t« Iw a.sxiS^ Mii 5.^x10^ t( 
tlNi NNtwml I INN tft4th. Thus flit iNt fNtf IN tMi SMHil»fft <«§ t» rf 
pMR^ «•<• NMCltNtiNN I t NNtltfiUly N M I I NNtf I f I t NNt • • INT th* 
INNNf IWM MMMI* 
5.3 i f lNCt • ! Wtil» rrNNNNNW PtHnrtotlNN t ^NlyNl t 
I N rmtmf yMrt • tot of «ffM>rliiMiit»l NMI ttwwirNttwil wtHt IDMI Umt imm 
•n ftw •Hmif of fmflo froqiMNcy jwrtiHiftNtloN of tlw MittkwiNr rwllo-
5|.52,54,«f-70 
tlON. TIlO MfN OffNCt NSSOtUtoi wttll tllO rf U -HlN 
St 99 
OHMTotloN of NMIttoNNl sltftNm^hi ofTNioMl tNi im»l MMitkoiior llNo. *' 
Attliooflli I t I t « t l l ottiklltlio4 tlwt titoto tl4tk«itft ortto Aio to t M 
totosflc plitttNt 9»mmHi IN tlw ttnfilo by ttio tfMiltootlON of rf 
flow**' tttll ttllO ttiftMlttOt OKttt tfcOOt tkO lOpOrttNOO of t ^ OffOCtt 
otiior tliiN Hio ottottio t l i i l i iNi of foot ,* ' ' * 
tlio offoct of r f iwi t i t lo floi# 00 tlio Mtttkaoor rttflotlot «•» f frot 
• I M I o i ly PiHot' m u m i i t t t ' ' oltH tlw olo to OM^IOTO tHt pott lbl l l t f 
• f «$NMf*tlNi flio MMl of oMiltoi oidlior t t t to t ky v t l t f Mtt t l t t t r of foot. 
I N IIOMI of tlioto OMMfiniot* t f i iMl i t lON of 14.4 li»¥ §0000 roy of pJ^^ 
i i i l o fruitwiy f loM of 4 l f l i N i ^ I f tn i iw to i oot op#lto4 oltliof to tlio 
WPPrlWii IW^ WW TUP mWOvOWr iPr . W W l l f ^nr WW^B« n W M M p S OTi HWm ^MMHT rwTW 
# 
At 'W v l l l too to tlio f#Motflt§ oHPMfV w t wilipo #f Mgt to t t t t lonf lo to 
f i i t l t t o t 
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«•« ckMrvti i t ttw NMt fr»»i>iitt— wf tiw 14*4 IMIV •tats MI4 th* greiMtf 
tt»t». Tlilt •ff«ct MMi attrlbiittd t» th» rf iwin—< trwitltl«fi k«twMNi 
tiNi ZMMMM l«v»it vf th* «MtttMl ttat* cr tlM srawMl statt, kuf tli* 
•kMNTvM etsultt a«iti utt b« «(|if«fiMi4 ••titfiNrhMrfly. In mottHMr 
•MfwrlMMi^' P«rtiw MMMI rvtattiis rf wmamtftt l t«N t» •kMnM th* •ffwstt 
lirMli«tMi ky NMMNinMMihl'' •»# 6«brl»lf^ Hw r l ft«i4 w afii*!!**! t» ttMi 
Koiiroi iriit<i^  esiitlttt4 el tftfftiM4 tfita thtn f«itt • ! Siif»p«rMll«v. 
til* •j^ dctrtM wtt MMiwrMl M • f^ niBttoii «f ttw •«f»ltfii4« of rf f l «N . I t 
was abaarvai that wttti laeraaalng aa|»lltM4a •f rf tha atx Itaas of tMi 
h^arftaa ^attam graAiaily liraaianai aarf finally metgtd Into a ali^la 
broad band. Ha wcplalnad tha raaalta by aaawilng that tba rf f laN caasaa 
a randoa fltp|>lng of tba hyparflna flald at tba avclaaa 4m to tba 180^  
tfeaain will nation. Tba affaet <»f tba fivctuatlns fiatd was calcalatad an 
tba basts of tba thaary of tiotlonal narrowing In NMR, bat tba tbaaratlcal 
rosalts wmrm not oaapatubla witb tba aitparlaontal ly obsarvatf saaetra. I t 
baa baan aagtastai by and by otbora^*^' tbat tbaaa of fast <MniM ba 
iNi4arstaa4 not In taroa of aaaain wall antlan bat an tba basis of tbo . 
aoawstloal sitfabani aatfal* 
•atlios tbo aaawstlaal sl4abaa4 affatts* a naobar of otbor tboorlos for 
tbo foaalblo offaat of rf an Naasbaaar SHttrtm wars givan to axplain tba 
obaarva4 Intansltlas of tbo sNabantfa.^^*^ Mltln^ an4 Baldobbln ot al.,^^ 
iHgastad tbat tba rf al4aban4s Mn bo ganaratad by tbo diraat Intaraetlan 
of rf witb tba naalaas. Tba naalaws aan go vfrao graantf stato to aiicltad 
atata by absorbing a gaaaa ^antao ana at tba aana tloa aolttlng or 
absorbing ana or aora fwanta of rf f laid. Tbaa giving riao to Hio 
sl#slin<s. Intanalty of tbo sNaban4s waa oalawlatatf by taking lata aaaaaat 
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Urn Hmt tiMKt In Imrrmmt/mH tNi •ff««tlv« rf ft*l4 at UMI 
wMilwMi ft frtittly tmh9»m4 at dwipirN t« tN» appltAd rf« taKoWilii 
«t at.* «»leiil«t»i til* affflct vf fito oMttat* rfvvrMt af H M liyiHMrftii* 
fl«l# at tlM iMMlwit 4fiNi t« tiMi ItO* 4mm\n w l i Mt l« i . Tlw MMNittl««i 
fHummrm 99mnH4 l^ y tlHi rf f I«i4 mm • ! • • mffMt tlMi MNmrtHMMir tfNMitnHi vt» 
iwelMr iMi •iMEtrM Msnttte nwrnrntm •ff««ts.^»^' If tiM frtc|iMm«y 
^^t 0f ttw HltrMMles U mK0«r9kt9 wltli tN» fr«<|ii«Msy of tlw ZMMMM 
•l^lltttn§ af I t * MMtliMMr wwlat thMi ttw AMIAM* tptn •yttM «•« rMOWntly 
•liMrb (MMHTty lr«ai HltrwMiitet. ThU will «Mfl» « i^ Nwga fn flM trhita af 
tNi fMMetMr «f»lii systMi MHI will affMt ffi« rMonaiiMi ««itt«fofi «r i^terptlMi 
of 9MMMI r«y«.^ Att«m«tlv»ly, If ItMi fnw^wcy of th* itltrMeiilai 1» 
mmr mvt f f qiiway of th« sai^pl*, tti* ti»t«rMtt«fi of iittrMHNit«t with tH« 
•ioetron split tysttn wttt rotutt In an fncrMto IN tlM oloctrwi fpl«-}«tt|e» 
ratwmtloH roto iflildi vtll Mmftfy tlio ttiaiNi of tfio MoattMNMHr tfMWitnM. 
itowavT, ttt • MlisoqtioAt p«|Nir Pf«lff«r of at . , rmpmrH^ aMttaafiw aMftarfftantal 
lavattlfNittont ta attaliMa)i ttiat tda tlitobaiMtat ara aalaly aaeawtleal fn 
aatara, ' 
Ihm rf affaat «a« foanit ta a^ftantf ^^tm flMi stta of H M abtoritar.^ Sfioatal 
ateartNtm vara MNb ky sllatao aataral Iran foMt fata aoaalaa af flay aqwaraa 
•f varlona alSMi 4a«a ta f09( /ua aa a 8l4a. Tha tf i^atoaii affaat wat al^ tarvwl 
far taa rf fra^aaacfaa* M NH|** aa4 2.9 MMa.#. 900AA« aarrat»ta^ ta alMMit 
fiva iMilf-iMivalMittiHi • f l i Mtt., aaaaatia vl^ratlaat kat ta aaty a tar tar 
aa^lamtti •# f«i M«i.» ylfcratlaaa. Tlw it<aiiaa< affaat la ttia attaa# fall 
aaa tlpitflawitly rainiii far S.9 NMt., rf aa nmwi ta tiia «atttaa4 fall 
alitia thara H M aa affact af altatat f•r tiMi l i mg. aaaa. Tlita Nliavfaar I t 






M y fnttriMiMy wmmmfwi mmt&fH v ikfvt iwi t * %• wmll In p v r t l c l M 
tttCt • f t flMIMMilVM MMll WWytf < ftt WW l l t t f t lw MOII t t t * VlknitlOM 
inw»l«ii||fiij» li if If) tlMi • f f M t t MMMBtatMl wlHi <M«siMitliliit fl«liNi mi 
imm€ im \mrmm vHmm akiMMlNir f « l l V M fvtatMl rt<wt t lM r f f t u M wtcft t 
M w f * 4iMrMMi tii« wmlfi bttwMNi tlMi f« l t j^lwMi MMI QiMM my <t l r t t t tMi . 
Tiilt • I M mmf%rwm -t» ^ M uMi is t lMl ncfiirt • ! ftHi tlMNMNIt. 
¥»rm w§ iMSt MTNI tltct • ! ! tliMMi «qwriiwiittt mnt qwiMt t t l v * tii mn^mrm, t l it it , 
•IthiMflfc tlMi f u t t t t — i S I M N M M I s f f « t f I t ttMi prMtailiiwit mm» ftwi «fti«r 
effMSts • f r f •§ siwMi liy ^ « r l « i * ' antf • •NMn**" • I g i f s i t e ^ | in«wit* 
At t»if» iNiliit « • SMMtttt • MfflMHl t » wpwrati t lw aaHitt ie tl#riHHMi • f fvc t 
f rOi tiltt • f f t « f « AM to tfVMllt W»ll M t i M MMl «tll«r • f f M r t t . Til* MMIBtlC 
•ntrgy #Milty In tlw taniil* Is f Ivm fcf 
i4i«r» N , I t fitt miatir i t t t t ty «f plMMffit I t flit n'tlk timlt, K t« flit 
Mtpttt t t t t t t t MMplliis MRttMit «t flMKt fniwtiify ti i i t ^ I t tilt ff 
•Rtriy itntlfy* tfiMt €^ I t pft^trtttntl t t tkt t^ttnt «f tUt ta^llfiiit 
My.| • ! rf fl«l<» flMif«ftrt f tr t f l w t frtqttwty «f rf« t^« tii4 hmm %• 
pfTiMittr I t t l t t pftptrtltmil f t l^« Wt litvt f Itft4 tkt t t^tr lat i t t l r t t t i t t 
• t Pw%m t t t t f Hit t t t t t t t t t l t l i i l m i utitf • I tt i i t f tlit ttit tifytrfltt 
l l t t t ftAtrttt I f i mm i t l t l t t i i> Sliitt titt frttttwty #f Hit tpulliti f l^N 
I * mm i i t t t t r futt fiit witftii t f tut iiitt>titr iintt tiMrtftrt tfct f i f t t 
«•» »tii>ti><i f t t i vttlitt tilt wMtl» «f # t mt t l t i t r I f t t tlMt wmn *•*>• Mtt 







t§ "tlMi tKiMriMiittl rftMfltt vf Hrtm. Prm thM* •••ip»rf»iiMi Hm 
hmf f i t Z - i i in t t t r HMI INM» tvaliiAtM st Mttli «N|MNrlMiitil «Hi4ltiflM 
9f Urn rf fM4» in ft«* 5 f M Z-pwwMttr I t pl«ttii4 igatNtt ^ * A 
IfMMr r»latl«ii IwitwMii Z m4 IT. ymrtlfMWitly tiMM tiittt ttw rimiltt •# 
INrltM w« to k« iiiMl«r«tMii «Ni tiM twsli mf amiitl—I tl4«toiii •ffoct tiily, 
tlM VHMMT •ff«ctt toliif Mitllilblo. i» MiqMriiMiitt •# tklt ustiirOf any 
4m/l»flm ffmt ffm HwMr r«l«tl«fitliifi iMitwMii Z MMI IT mt t nflmf tiM 
• f fMtt AM ttt AMMin wall iwttaii* 
IV t m c r OF vm THUMAL WUXKTION or A uniee MQOE ON IME 
MMSMUm RADIATION 
IM fk% Mrtt«r clMf»t«r wt MW that • I M M M I M I MMI« MM 9«t nMttH 
to • high ¥thr»tioMl l«v»l at • rtsvlt • ! th» sftsr • f fMt t sssoelatMl 
with th» jMclMT tmmf prm94tiig th» MilMlefi of mnhmmr 9«MW ray. 
tht •KCltMl MMi* tfaeays* ihM t» aiihwwNile «Mpl Inf with othar MMts, 
to Its thonwil oqiilllbrlfM volwo with chwoetorUtIc rttamitloii rato 
f » 
1/7- . Thoroforo, I t My ho mtptmt^i thot tho thoraol rolaawtloo of 
P 
local lio4 ao^o waali affaet tha llaa ahapo ami othar M^'a^tara of tha 
Natahaaar apoetnii Hha raaollloaa fraetloa aa< SOO-ahtft. Tho of foot 
of raloMatlaa of aa rf paapai «aaa aa tha Maaahaaar rodlatlaa caa bo 
atwilad hy aalat a aalaai rf flali. 
Tha laf Iwaaaa of tho rolamtlaa of aa aMtltoa lattlaa oaaa aa tha 
Noaahaaar ratflatlaa haa haaa lavaatlfato^ la raaaat yaara. la tha thaary 
of Oaah aatf Naaahaant for tho of foot of a thafvally ralaKlag loaalliaa 
•aia tha naaiatlaf Whaahaaar aaolaaa la la a highly awaltatf vlhratlaaal 
atato of a laag»llvai looallta^ aatfa mi tha thaMal awaragai oaaa-a^aro 
vlhratloaal aaplltvtfa la aaaaoatf to aacay to Ita thanwl a^lllhrlao valaa 
with a aharaatorlatia ralaicatlaa rata. Tha phyalaol 4aaa#lftiaa of tho 
phaaioaaaa whtoh la«olva4 oalaalatlaaa of tho Maaahaaar railotlaa 
afepllta4a hy aalag tha paaltlva a^HM^a raot of tho tlaio iapaaiaat ra-
aollloaa froatlaa haa alao hoaa tha aahjaat of arltlalaii.<^ fwrthar 
•aaat^aratlaaa of thia thoory givo *aagatlva latoaaltlaa" la tha 
Manhaaar apaatra w h l ^ aro laiphyaloal la oar opIolaRi 
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In m attwtfit f* wMtarttwii Urn latttMTttlMoittcNi ^mmmmm, Narris 
Iwt fIvan • ^uMtw-iMClHNilMl wm4»P^ wliltli IMIIMIMI iMtti ttw miclMr 
ratflwtlwi ani tNi lattfea ratwcatlwi proeMMt. Tbls aotfal prwiicets, 
iMstiM tlw «liiHiio« t» Itmi tkaiNMi* fhm aiclttaiMMi • ! •« a^H''*«t *'r»laMi<» 
ttan sj^lltttng" •f tka MbttNMar M M far • aartatn raa^a of rataKatfaa 
ratat. Tlia aartaat irawtack with ihlM aaAil ft tha aaiitpt«ia«a akaaaaa 
«f tlM ttatlattcat avaragat for ttia phanant owliit ta tlianial arocsMtai* 
tt I t a fact tiMit tha MaatlMHMir tpttfnm r^raaaatt an aaaai^la avaraga 
avar aaay avclal aa4 la tha calmlatloa of tha McMithaaar eroia-aacttaa, 
a tharaai avarapi mf all tha latttoa main la «i l lai for. Tharafara* aaa 
woaiara ta a ttatlstleal aaaamhlo, ahlla ealcalatlag tha Maaahauar Una 
ahapaa> vhathar tha phata eaharaata hatwaaa tha imelaar raiilatlva traatt-
ttaa ami tha lattlaa traaatttoa aaptltadaa la oalataiaaa. Tha aplltttag 
•Atalaai with thia oaaal la tha eaaaaaaaaaa of mtatalnlat fha phasa 
CTrtiaraaaa- hatwaaa tha mielawa aai tlia lattloa traaattloa aaplltiKlaa* 
1*2 Thaorvt 
f^ rlar to oar awa ilaoaiiraa» wo hrlaf ly rovtow tha aMtattag thaortoa 
aai ilaaaaa thalr ^>artaaotaga> A aaoltlaaalaat troatoaat of tho 
pfofrtaft li flvaa by Oaah aai NaathaaiaJ^ Thay aalcwlata tha affaat of a 
mHitmim w i ^ m tha Maaahauar rarflatlfa hy taklag tho raaol I loaa fraetlan 
f to ho flvoa hy 
f a ait#( -S*/^* ) (4.U 
_% 
t^ iaro vr la tho tloa iapaaiaat valao of tho iwaa wiaara afitplaaaoaat of 
tho aailttlaf aaalaat awiragai owar aaay vlhrattaaal porloia aatf fa atatwa4 
t * 4aiay aotarilaj to tho foHowlif proitrtpttoa 
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«li«r« <^  1^ ) . ft fh« tliwnMl mfff valu* tmi K I t tiM l i i l tU I VSI IM •# 
-2 0 1^ wilt 1/V I t tiMi ftlMMMNi l i f t t i M * Taking fk» • l«ctric fUttf ttrMigtti 
• f tiM MMskMMr railatlm M 
f J t ) • f* r m^r -Clo)^ • 4 r »t 1 <4.5> 
M O P 
tlMiy filial iy ff 
yt> - «Q [<f>^ ]* mtf -na)^ • *r>t - * • ' ' * i u.4) 
E < w ) • [ < f > ^ ] * r « « p r . H u 3 „ - W i t - i r t l aw^f-aa" '* ) (4.5> 
witii 
2aL« [ i ^ - < « ^ > ^ ] / ^ ^ U.«) 
t i M tliap* I E((A)) P at calculata4 fran Cq. (4.9) la ahawi la Fig. 6. 
for alt Roazaro valyat of «. and i/ fim wNth of tha Una baaawat lata tlian 
tha natural llnajvNtli an4 for vary larna valaat of a^lt nay avan ro4iioa 
to larofatthoagli tlio Intoastty of ttia Una alto 9— to taro). For 
tartain valuot of A an4 V tlia Intanalty of tlio Mottl^ aaar radiation baooaaa 
nagatlvo. 
Vtm iMMlo dofaet of thla tliaory to that tlio aH^roatloa (4,1) for tlio 
rft«>tltoat fraction la ttMO only lAoii tko wliolo tattloo I t In tharoal 
ofiitllNPtiii and doaa ndt liold la tlia i^ raaant oaaa wiMira ono of tlio lattloo 
•Mfo «MMM9it H ftHum Into aoaaant l»y \^Htt taking Ho tloa dapandant valaaa 
tko dyiNwIat #f tlio lottlao offMitt tko fanaa ray aailialon froo o miotoat 
¥lo tlio t l M oorrolotlon fiinctton ^J^*^^*^ a ' * *^***** ) - tlioraforo to 
<#t«faliia tlia ttaat^oaor tpoctrwi In tko frotanoa of • doctyltf mt4m » oao 
OJLOIJ 
0'£ 
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•iMMiltf fMcaltiilat* tlM •>•»• cwrrslatlM fwMtttcM taking into MMmit 
tlM •ff««tt • ! tlw 4«NMiyliit 
HarrU I I M f lw i i • ^umitiiii MNBliMileal Mi^t for tNi MMtkwMr M M SIMIM* 
In tlHi |ir«MfiM 9f U t t t m nImuKftmJ Tlw MMtlfwilvmi Hy «i4 N|>, 
uliieli ar* rMpantikt* for ttea trantltlwHi batwMii tiM iwciMr ttatas ami 
tlia ftatta • ! tlia lattlea r«a)NNBtfvaly« liava INMM tal«aa as a |NM*tMir|iatlaR 
•var ttw Haitltoaiaa «f tlw tatal tyttaai canttatlag af ttia aaalaat, tlia 
^atttaa aa4 ttia pliaaan aatf pfcataa rMUftnm f laNs* Tha f i rst arSar 
partiiiHNitlaN tlwary Has baaa uf4 ta f l a i tha aea^ta^ aqaatloaa mmm§ t M 
prababltlty mtpHfu4n af tiia tflffaraat fNMstbla statas af tha systSM 
an4 thasa aqaatlaas ara salvatf f9 §9if tha shapa af tha Masshaaar Una as 
whara « . • ^p. / r^ • ^ N / C J , aai OC« • . . / • W ^'^ '"^ ^ M ****"• ^ ^ 
flfat^ i 7 flvas tha Masshaaar Maa shapa as aalcalatatf fraa i%, 14.7). 
4aa aaa taa that far saaa valaas af c <«htah fs ralatai ta tha phaaaa 
ralamtlaa r«ta i ) mi oc Cahtah la ralstatf ta 21 tha slafia flasshaaar 
Una la split* (ata taa Itaas. This spllttlag M y ha Mitai tha "ralaaa* 
tiaa spllttlNf^ ia# havlag na ralatlaa ta tha hyparftaa spltttlsf • 
tha w t a irawjMah alth this aaial Is tha ahsaaaa af tha statlstlaal 
ttMir tTMtMMit Miy anplltiHlM ifft« first t i f In ptaitwi tiKI phmm 
M I M I M IMV« kMR MMSIitnMi whliMi «•«•• tlitt tfMiy li«v« iwf iMtMi tlw Mut 
mm pii«iim tr»fi«ltl«Mi In trfili^ ^i« plwwuni w iwcttti MMI •^HMKettMl 
In • ! ! pmtlbl* «»yt SIMII th«t tit* fwt ii»rgy i^ang* •# ttw «ry»t«l It 
I t It iMW cltar thtt tht rttuttt lAttlM^ by 4lfftrtiit witliert art In 
«tRf Met wI'Mi t t ^ 0Hmr, Thtrtftrt wt givt mir mm ttittry for tlw 
•fftct of plitiitw rt l txtt lM t t tht Mbttbtntr rMllttttfi. Ciqitlclt tMfir** 
ttloat will l« ittrlvtrf ftr t ) tMi I I M thtpt of tht tmro-phomm at «*ll 
• t tlM MiltlMMMMM trwitltltiit, b) tht r tM l l l t t t fraction aiMl «) ttio 
toeaiMi ordor Doi»plor ttilft of tha Mattbauor llaa. 
^•2' ><ottUMor Una $t>aaat 
To 4atamlMi tlia Moaakaaar I tna tMiMt la tha iN'aaaMa of lattloa 
raliMatlon MI ealcalata tlio oorrotatloa fMactloa<o'**'****** a"*'**'*^^*\ 
la ttia harMwIe a^proKloattaa with tha affact of tho rolax t^s^ mo4a boliHi 
aaaaawtatf for ky taklat tho avorago valiiat of tha ^oatlaa aad amnthtlatloii 
oinoratora for ii*th oaia to dacay with tloa aceardli^ to tlia proterlptloo 
flvoa ot*^  
< a ; . ( t ) > o o < o X v < 0 ) ) 
/ \ -KiJ^.t «4r ( t | . . (4.9) 
Wo oaloaloto tho ooffolotloa fanctloa hy oMnaili^ «(t) aai «(•) In tama 
of Moroal Mitt* llaoa tho owpoctatloa valaa of tanta llha a .a .or 
t ^ ^ 
0 .0 .• la itrot m aey vrlto 
- f • ,I0> • •*,I0)» • . It) • e^lt) I V ) (4.10) 
«li«r» • ' ^ I t tiM «•«»! Oeiiy*-ir»ll«r factvr vltk the MfitrllMtfm •# tto 
MMttttii MMi* iMiliig MipiraitMi out* Now ttw tiitryy MMctatMl witii nm ^*i% 
m§4» t t • tta* t tan iN» wrIttM t t 
t - I t ) • [ l 10) - E , 1 •* ^ • i , <4.H> 
wlMr« E ,10) ft tlMi Mwrfy In ^M» 4*th rnpil* at • ttwi t • 0 wKli^ I t 4«fliMtf 
• t th« t l M at wlilcli th* MMtkMtar axeltatf ttat* U fonM4, I t I t tli» •mr^f 
IM tlM ^*tti M i t I t ttornMl •qHlltkrlim vltti tlw wh«lt Ittttct antf ?/ tt tlw 
Itvtrt* of tilt Mtft rtlaxatloN t lat , V • 1/c^* Sliict E ,^ • In M)i^,, 
P H ^ % 
tlMrtfart m 9am writ* 
-Vt 
t . I t ) • I t , -Hi ,) • • ¥ . 14,12) 
ifiitrt t = t ,10) I t 0lvtt ky 
T ItlNf tlM tfptrttwrt • ! tlw mmiHi mo4a at t • 0. furfh»r. If tha 
piitata ritlaKatlaa tiaa I t tafflalaatly larfa t» tatltfy tlw fallawlas aa«il*> 
t i a a r ' 
. ^<<I^Taail K'^<W , 14,14) 
tlMt 
<a; . l t )a^ . lO) )^»# a * <»;.«>«^,<M> ^ W.tf) 
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UtfKf tit* E^. <4.19) m CM writ* 
< • • > ^ - « «» (^-'I t t«^,<t) • I • aii^. • I 
- ( 2 i i , ••• n • • ^ 
- (2* . • I I • • '^» • ^ 
'4i\f\ ^tA)_,t - i u ) - t t i X 
- • * ' * < • ^ - • ' ) J j C4J6» 
with 
Y • - J L - « . - (4.17) 
a t i u v , 
SttbstttHttno tlw v«Hi* •f A ( t ) f r M M* C4.f2l liit« M . I4.1«) «• 0»t 
<.'^-"«" . - '=•-•« > = . - " « „ f . ! ( i • . - ' " • • . • T <. . •« . - » ^ • * • . - , * 
' T . »- 2 q' 
«lMr« t""^ • • " ^ ' •xp[ -YC2if , • U 1 »» th« t«t»l D»by*-«tolt«r factor 
ill t i l * irtmwat of MMto aMCttctlM, MMI 
2 • 2Y»i*. witli »•, • (11 . - » . ) <4.l») 
UtlRf tlw mr\m% •Mpanttflii of w^mmi\»\ fimettoii «• i« t 
/ Ik.iCO) -lli.HltK - » -*2 V 
^T l,|i,IK w*^ n Ml III 
X mf\ Hm - «) (o , t - 121 • • • n)* ?/|t| ] C4.20) 
•Hi tiM M I M I M » f l t l t M t y 
• M M f t # * tt / ' ,' II I T • 
•••^••••••••ii»»M*iiii«i»i«*i»i<iwiw|i»*i«i»ii«»ii»'»|»'«»»i«»a»i*«»»'ii»<i»"M | 4 » 2 M 
. 4S -
Nw M fh^ tM^r t t i i r t of tKcttwi « i ^ I t MMI I titglMr tlmi tNi 
Hm^tmturm of tlw rost of tfio lottfoo tlioroforo n , ">> ii , oM 4«o C M 
writo 
Y » , * Y n*, • Z (4.22) 
t M tNiroforo tHo onUtloo probobltlty iNMwaot 
^ H r • (2i»o»ii) i{) ^ ^^^j 
[ E - E - «• -vn»LO , j ^ • *l r 4 (2l*ii*oliri^ 
Tlio lf(C) CM alto bo oKprottotf to tho fom of M lotognil liy wrftlns 
C<l. (4,16) ot 
X OKpF <2*YI 0*"* ^ *** cotOj . t • lY o*** ^ *'^ *»roL6 . t ] 
(4.24) 
Utiiif E(|. (3*12) to OKiirMS tiio lost OMpofiootlol III t te rtovo o«pi«tloii 
III tonM of iosMt fimcttom wo flHotly ofctolii for tko Mission proOoblllty 
OS 
«CI) • eoott o"^ o"**^  YL j ^^[ '^^{^ • 0^ ' * * ^ * ^ *\ -4 r i t l ] 
X MMiZ o" ^ **S I i <2*Y) o"* ^  ***] J CY o** ^ **S «t , (4.25) 
for ( • • o } * • , t t , t 2 .« , tHo fo. (4.2S) f IVM tiio lotMslty 
^lOtr l fcOt lM of tllO • * » t - , 2 * * . . pIlOMO t r M S l t l M S . 
I f . I4.2f) Is 0 fONorot MprotsiM offllooblo for M M fotsMitlM of bo^ 
MMI r f pMpsi oMttooMi IMMO pkmm for olifoli Y - 1 0 « o oo4 tlw loool 
• t i t oltli Y - t . For fovorol VOIOM of ( • • iiiu 2 ao# i , I f • (4.29) 
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hM IMMN •wlHstM fMMMir>lc»lly Mtliig til IIN»1t30 •••»yt»r, TM rMWitt ar* 
•tMNm In r i f t * t * ! ! . IM • ! ! ^ i * € • • • • tfi« Mt«ral llMwIdtVv V WM takMi 
t» iNi 7.14 X 1<^  t*^ fmr tlM e««|»iit«tl«Ml H > ^ M * , 
Flgiini • givw ttt* I I M tliap* mf ikm tw-^kmm MiM^MMr I I M for 
4lff«r»fit vstiMMi of phmm rolawittoii roto li • Tlio oonttmMMt ciirvot 
corr»a|NNi# to Y » 0.0 m4 o^tiMMl otrvos to Y • 0.9. I t aoy km nototf tliot 
OS 0 rotMit of phonm rolwutttoii tlw lino thapo no lod i^or rHMlM • 
UroiitttMi. Tlio Itno latoiialty novor locaoot aoflatlvo* Tho I I M tiillttliisi 
also 4mm aot aMw up In tNa praawit eatcalatlona* Tlila caajaatiira la 
varlflail for tlw Itaa ahapo caloalatloa aalnsi Mvaral <«nilaaa of tlio Z ami 
Y paranatara. 
flgara 9 ahawa tlia variation of tha tora flienon Meaafcaaar Itnaaltfh with 
tha phanon ralaxatlon rata. Ona can aao tliat In ooat of tKa caaaa praaanta4 
within tha fraoawork of oar thoory tho lino gota hroaianai whila tha roaalt 
of othani^^ ahow Hiat tha Una alwiya fata narrawHl anilar tha Inflvanaat 
of tho phonan ralaxatlan. For Z > 2.9 tha wNth of tho lino f Irat Inaraaaaa 
with Incraaainf rolmatloa rata hat aftor a cartain oaxlMM valva I t atarta 
iacroaainf with Incraaaing ^ ani alowly appraaahaa tha nataral llna^wl^th. 
Tha aMtlMiM valaa of llnowlith Inoroaaaa with Incraaainf Z anC I t haa no 
wppor ttwit ai ahtalnMl hy Harrta. Araani Z • 2.9 tha llnowltf^ hocoMia 
afial to tho mfvifmi llnawltfth aMi 4oaa not vary with rolaiiatlan rata. 
N r Z < 2 3 tha Una hiaiota narrawar 'Hian tho natwral Mnawfith hat tha 
WMlMM narrawlnf novar maatia ^ f l of tho nataral Itnawtith. I t la 
Intaraitinf to acta 'Hiat INMi fanaral faatara of thaaa oarvaa la alsl lar to 
fhoaa aM»li»a4 hy Marfla calaalata< an tha haala of an antlraly ifffaraat 
f OfWIf iMi* 



































FtfMr« 10 flvM tMi wrfpitii«w r^tmtmm M M Intwittty M • fimctfw 
of ftm phmtm rtlaiaittMi nU ^ • r«r Z - 2 . 9 tM iHtMtlty cf tk« 
l lM rvMlfit IwiMptiiieiit • ! V . F«r •tfccr valMt • ! Z tte liitMwIty 
•ItlMT iN^TMMt %r i—r—m* wltlt lii«r««stiif T^ . < f "<»»*P «iH« wtwtMr 
Z I t IMS tliM «r tCMtw tMfi Z.9. rtgiir* If tt¥M ik» l l M ttaip* • ! M»-
ptMMR f r M t t t l M . In r i f l . 12 tlM wUtll •f t M OM-pMMM I I M M • fMMttM 
•f t M pMNiM rtltMitiM r»t» Ift 9lvM. f rM t M M rM«lt» an^ otMir 
•MtWItlV* MlCHlattM* M MIICl«4t fMt tlM witftll • ! th* M*-piWMII M 4 
ottMNT liljiMr $lMmm I I M S InertaMs MMtMlMl ly with tH* I M T M M •« 
pltoMH r*l«Mtlo«i ratt. I t My k« MtM fiirtMr tlitt tM rvlaicatlM 
bfMilMtiio for ttw pMMM-Mf I t tM tnmtttlM U MCH M T * prMoiincM at 
Mii^r«4i t» tlM i«f*>|MiMM tnmtltlMt* 
4,22 flMOlllMt FrMtlMt 
Fvttlat • • R In M. (4.2S) M t * t for t M Mro-phMM M I M I M |»r»Mkllity 
M 
wO«* * - » HZ y ^ <»U* <|Z)''^ (iZ»Y)*" 
W CO - M M t • • Z _ *»—-••"•——»««*• •>»** 
t,«-o 11 (»! r 
• t r t 2(|t»>/ ] , . « . 
fc - f^ r • *[ r tzcitwii/J* 
TMr»f«r« ttw total toro-pMMR frMt lM wiiloH la t M OTM m4&r tho 
raaaaaaM aarvo^ la gtvM ky 
f • f W l^l if • o"** 0*** Y- i : i l i ^ t t t ™ l ^ I ^ (4.2T) 
_io i,«^ I'. <•'. r 
aNi 40M Mt <a>aa< «pao tiio plMMn rolntatloii rata. tiaMt tuo taro-
phaaaa fnattaii tan la irt^lttaii • • • praiatt of «^ « tlio Mra »liaaaw frao-
tla» fa tilt a>i»Ma •# Itftlliatf MP4O iM^t f t lM, m$ a faofar f i l l liMlaf 
aaliftf #f ffotiiiittoa ftfo» trtviiif 4 M ta tiio 4ai»tlia#'«No antltattM 
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!••• # • f f(Z). TliU ft • tIffflflMMt r«Mitt 9m4 Mvy km MMfiarMl 
vliNi ttM pravlmt» MiMittttMir Mtileli fll>Mi • r«ltM«tl«fi mt» 4tpMNi4Mt 
f-fMt»r. tltwwr. In M «ip»rlMMit tlw NMtkaiHir 9ptfrm l» iiMt«rMl 
•Nty tift* • f iiitt* vAliM vf tlw Miirt* v»t«city •ormti^oiullns to • f«tr 
Mitvfst I iM^wl^tlit. Tkit wy !»• tuffletMit In tiM twraal f-factor 
•valwitloii kilt tilt ptrt of tlio ttrt-plioiitii Inttiitlty wlitidi at t r t t t l t of 
HhoNtn rolaxttlon It «owo4 ftr owty frwt tiw toro voloetty* I t not 
otcNMiiitoil for. frto M. I4.2il w too tlitt t t tho plioiiofi rolaMttloa rtto 
lRWOMtt» aero ta4 oort of tho soro-phoata I lao tatoatlty aovtt away 
froRi tiMi otntra. Tlitt ^pparoatly loa<lt to a ralaitatloa rata tfafMuMhrnt f-
factor. Tha obaarvaH f-fattar I t glvta ky 
u. • f^'" « • ••* ••*' ^ i--ii^i«i~'i!t!J!-
•yr i,«<im I ! (» ! )2 
xita;;V™2^..) 
• a 
-M HZ, l( } (4.2«> 
Mliara X I t tiia aaaliar of lloMl^tlia apto ahl^ tiw Mpmtnm liat kaaa 
oaaaarai. tlta rolaMttlan rata iapaadanaa of HZ, 7/) far 4lffaroat valaat of 
Z I t tNwa la Flf. t l . DtpoMilMg apoa ttio valaa of Z, F(Z,V) oay laaraata 
or iaarttta altfi tlia Incraata of 7/ . I t watt ka m^94 tliat rcz, 2/ > I t 
al«*ayt iMt tNm aalty itptarflof NIMMI tha aM|»arlaNMital aaiHlltlaat* "n l^t 
rt^aatlaa la tho f*f attar wtM aaata a ratfaatlaa la tha 9pfrtif Othya 
taoptrttara at aalaalatai froo tha Hetthtaar 4ata an4 vllt proiaoo a 
flatltlaat taaparatara iapaaJaaaa of tha tapa''^ *nt Oahya ttaparatara. 
4*» lm!i4 ^ffff fwfff ^m* 
tho iO»»ilitft la tho oaofir of tho ie t t t t i ftnta ray 4aa to tho «Mtlo» 
• f tho aiilttlaf oMitaac la flwNi i f * 
- « -
A % - - i - ^ f ( , 
if tM» r«t« • ! rtlaKctfofi of 'HM iMalltiMI MMI* I* Mtdi iMiMcr tkwi 
its IrMMMty !•• . t / r Z<r /^ L) . thM ««• « M tiiMw « t i M tiiHrvat 
tj Mf^ tin* T« > • . > '/60 , wid ©vtr iAI«li -HMI viiHratltiit can k« 
•MMMMl t9 iMi hsriMMitc* TM» wanv* • ! V^  ovwr tlilt tliit t ^ M • 
r««tiit «f t«c«itsMl m»4» f«l>Mittc« 4M»yt tritii f lat , it mtp«et«tf to iiinw 
« tiiM ifmnimt SOO-tliift in i¥m •Mffy &t ttM swMi rwf» f«r • <|MMitt-
tatiiNk Mtlmtii 4»l <^  ¥ ^ «*• «•» writ* 
vlt) • ! — ^y I ( r 5 ) ^ • Ct> - a^t) ^ (4.30) 
• Z s S <2ii*t) • 4-r2 2« * * (4.31) 
•ntf hanoi tNi shift In smirsy of tlw gmmm rsy 4m t» tfis S<M3-«ffsct 
«s stvwi by M.(4.29) Is 
A O t ) "X - ; % K <3Si •!> - ^ * 2 •" ^^ *^ (4.32) 
AjH^ laetnjoi E In E<|* (4.25) by E • AE. ( t ) , ttis •Mprsssisn for ttis isrs> 
phSMSfi snlMiMi iirslNibi I ity InelMtflss tlM SOD-«ffsct Itcwm 
/ ( t ) • switt • " ^ • ' ^ ^ X . f « l » [ - l t ^ E - Ejj-AE ( t ) } - ^ r a v 3 " 
4 fiasco _ ^ 
X mp (il •' ^ *•' ) 1^  [(Z*Y) •** ^ '**^ J^ (Y •"* '^  *^ *) i t . (4.33) 
tiM MMsrIstI svslMsttsM sf tHIs Istsfrsl fsr s#|ir«prl»ts traHsttiM MsrfIss 
lis« bssfi piftarasi for ssvsrsi v»i«# •f 2 sni i^  sutf tlis r«t«lts srs SIISMI IR 
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aiNNit tlM CMtrsI |iMltl«ii* Tlw tfitftli •f tiNi MMtNNMir l l M I t alio 
•lffiilfl«Mtly • f fcctN by.tiM liitlwtlMi • ! tlaie i tpi i i twt SOIHilitft wMl 
for ttw partltifitr M M S^MII In f i g . IS, th9 I M M M * IM tlM fiiM wNth 
• t iMilf M M I I I M i t at Itrgt t t lOf MOT t l i tt t k t t l M i frm Eq. U.25) 
ifhtrt tiw SOthtHlft t t MMMMHl to kt Mfo. I t t t to Iw mH4 ttitt tlio 
"Otfpltr InAiMii Mttol l l to MM** t t rt9ort»4 In tht l l tomttr^* <IOM M t 
iwitt In tho frttont thtory* I t Fl§. 16 tht contrlbttten of tiio rtlMlngs 
m>M to tttt SOO"tlilft I t tKoM M t f M c t l M of i • Tho t l i t f t McrootM 
r t f t4ly wItH tiierMtliit rcltiiafttofi r t t t tnd thtt Mry rotwtt In t ttroiif ly 
tMHtrttiirt itpM^Mit tKlft of tlio MbtthtMr llfio I t wMltlen to ttw nono I 
thift*^. All t M M t M t t t t t l M t art ^rforwMl for tlio M t t of 14.4 hoV 
t T M t l t l M In Fo wttti ^M IOMI IXO4 iie4o frotuMMiey 63 , « 6*2Xlo'' Hs. 
^•3 ticMrlMttot Cvl4tMo for tho U t t t M Moio Roltiettlet Effoettt 
t ) lOMl lM i tloM Rt lMt t lM i An onltr of Mtptlttilo t t t l M t t of tho I t l t l t l 
tMtortttro r i M dm to t M oMrpotlo ov«it |iroot4t»9 ttw MoM^Mor gaMMt 
ray t o l t t l M la oortala M t M flvot I t t valM at IO^CHK.^'^' for th l t 
tMptratMrt tho valoaaof Z for a iMallMtf wodo CM , ^^10^' Ki) oaoM oat to 
q* 
to N) ^ 1 . for thoM yaloM of Z tho aoM rolaKatloa hM a I M I I I of fact 
m tho tii it i l iatr M M thapM. HaMvar, t M r o M l l l M t f r ta t iM M 4 
S0O«tMft mt^ i t t offottat OjUfrMlt^ly avon for thi t t M l l v t i M of Z. 
tho <i»tiiiMHi «ff Hit f ta t t l lo t t I raot iM ta# fOOthlft m tho phooM 
fOltMitlM rot i thavN • ! •« i»|^  la M oiqportMat M m aaatMl taii(>orataro 
rti it l ioit fPt#ii» t i i iti<iililft thow an tatiittaiit hahavtaar whlaii hM 
) 
« l l » i » l a « ^ AA 4 4 A ht tB ia mt * mmMm^Lm ^tfUl'fwi l O M I f S i U i • a J * . 
• f4 • 
Ifi tlM MtiOwwr mtptlwmm* tritli K^ ® ttt« K^ {«»V ) K ^ ^ M c t l M 
•liNll* «rytt*t of KF wtileti M t iMntariMl wttti • II««R »f tiMinMil MwitrMt. 
TMO Mt» • ! #«t« «Nir» tatam with b«th amirc* M i a^Mrlwr at 4*K aM 7 1 ^ . 
THa aktarvatf ¥aiaaa of f-faatar wara awawaiaaaly I«M aa aaniiaratf t» ttia 
Wo 
vataaa eateatatai tttaoratieat ly aalafl tlia kaawa Ot^ff faaf»M*atara o^-< ^ 
In KF. Farthar, tlia affactlva Dabya tanfaratara aa catealatatf I ra* tha 
f«factar tfata thewi a tMUKiratara dayawJaaca wtilati ea«l4 M t tf axiilalMad 
aa tlia Iwala 9f radlatlaa ilaaasa af facta. Haaavar, wa iMiy Mtalyaa tha ilata by 
aaaaalag a lacaltiatf m(6m aaaaelataii wrtti K^ trfiieH tiM 99it «Metta«l tfartns 
tlia (n» i } raaetlaaJ^ 
TtM Oabya taa|>aratwra for 1^ at (^talnad freai ftm tpaefflc liaat Kata la 
^ 300^. Nov uatng ttia amplrtcal ralatlon^* 
n 
6 • -1- © ^ (4.34) 
t^ Hg ^ 
aa4 vtllUlag ttia fact that tha offaettva Oahyo toaparatafa ahmaad froa 
tha 1*^ Miaahaaar 49if9 la alooat a cenataat valaa far all tha athati lo4ldaaf^ 
tha valaa of Dahyo tao^aratara far K ^ fa KF «mm» awt to ha c:^>2io\. VIth 
thft Oahya tiopiratiro tho aafwal f-factir at 4*K aiii 7 t ^ oaaaa oat to ha 
oAi^omt o-Si\s raapactlvaly aatf tharofora tho raAiatlaa factor FIX.V) • 
f ^ f ^ OMMh oat to ho 0.9 t O.M m4 0»«i i 6.1 foaptttlvoly for tho two 
taaporataraa. Mara It ahawN ho aatatf that If oao oiiaan that tho rotfac* 
tiaa la f-faatar la 4aa to ra^lotloh d w m offoott thaw it wiat raaalt la a 
taa^rataro twiapaidaat ratfactlaa facter ^it,^U llio taaptrotara iapaaiaaaa 
•f fll, ^ ) clearly ladlcatoa tha traaaaaa of toialltad aotfa rolaiiotloa 
jp^ll^ It oay ho aitawii th«t tho toaottiai MNIO folmatloh rata ot 4 ^ 
to «Mii Bwllor thho T . Yhic oaojactaro ta agpftrtai hy tho foot thht 
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th« liiMMt#^ iri»t»tiM4l friM tfi« 4^4 4»U U v«ry m&r tti* natunit T 
tfi(it««tliif tliAt flmr% U fw apjiraelal^l* r»ltmtt«fi •# th* tiicttv^ MMI« 
4Hrlii9 ti l* 4«oiy tt«« of ttM MitttKMMMr l*v»l. ttttli t l itt MttMfitioii tli« 
pwr—tT Z at •valnati^ I r M th« 4 ^ data CSMHI out t» b« 0.15 t O.U.In 
the aetttsi axperlaMwit th» Motabawar apactran la takaa upta alHMit t aatiirat 
Itaaviirittit m4 frm Ftg* t3 I t ta aiiparaat tliat tikan t • 0.t5 aiitf ft fk» 
al»aorttt«ii ««aaa-aactte« tat^ratai apto $T, tHa faator Hzji IncrwniMi 
wftti taaraaalag ralaxatloa rata. Ttiia ^»Mraat ralaKatlaa rata AifMNHlance o f 
riZ,i ) agraaa with tha aKparlaaatal ataarvattoaa t .« . Pit, ii •f ' ra^ la 
9mif9r ttam tta valaa of 4 ^ . lh» aatlnatad uftar t>a«»4 far tNi ralaxatloa 
ttaM» &f 7B*K, as 4mf%rmltm4 ky ttia arrara la HZ, i ) iatantlnatleii cmiat aat 
to ba 6.2 X 10**^  a. Urftmr, by tafcliiQ n» loealfia4 Ma4a fraqaaneyio^i ^ 1 0 ^ ' H^. 
ttio calciilat*4 SOD-ahllt at 4^ K aM 78*^ caaaa oat to boi 6X\D 
raa|M«tivaly which aro wtthta tha Mcparloaiitat mTvn* 
itaNinhafm and SlaofHMlaa hava oaaaanMl tha ta»|>arattira ia90»4*a«» of tho 
raeolltaas fraction aR4 tha SCH}-ahtft for Co'*' aoaiva 4lff«so4 lato ttio Vanadlwi 
m t r I K . ^ Tha taaf»arat«ra of ftm aoareo «aa varla4 fro* 90*k to 700^ whilo 
tho taoparataro of tho fhaorbor « M hoft f lMa4 at tha raao taaporataro. 
Tha atq^M'loaatat rwialta vara fltta4 thaorottcal ly hy aalas tho aMiirosstoa 
for tho WNW ainiara votoclty oaH ^laf^laooaaat of ^lo toparlty atao ahti^ 
atlaws for ahawfaa la tha forao ooaatant as aoll aa tha oaaa at tha lofwrtty 
• I t a . Tho lmH»rlty-hoat/hoat*hoat faraa ooaataat ratio ^ / > «raa 
aaai as a piraoatar. Mawovor* tharo ara aaoa twaaaatataaolaa la 
tho raavltat a) Tho hoot f i t for tho f-faotar tfrte ffvaa tha vataa of 
>V ^ • 1.«7 ahllo tho boat f i t for tho SO»-ahlft data ^fymi >V^ • 2*5 
b> at ioa tai»aratMraa» tho abaarvad tOO-ahfft Mwwa a tar«o iovlattaa 
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tMcrwMiliif Imptritwrt «• I^ NNMI IM Fig* 17. TM ttrmf tMparttim 
tftpcMiMMW •# ttw lliwslitft tmtmf b& m^lwltmi mt ftw i t t i t • ! tK* idiwit* 
In Hfm OM»twit« If OM ttlws Int* Mcomit t M •fleets • ! ttw mlaMlng 
«Ktl«Ml local iMtf M^t both tho f-fo«tor mi SOO-olitft ioto oon rowltly 
hm fttt»4 with o tliislo voloo of ^V> • 2.0. In f l f . 17 tfio tfott 
IMIcoto tho dovUtloo of tlio obtorvo^ SOO-tlilft frm tlio thtorotlcol points 
obtolnoi with V/A • 2.0. ThMO tfovlotlons slMwItf rofirssoNt tlio S(X>-
shift ortslns iiio to tho rolsKOtlon of tho locall»Mi ootfo. To corrolato 
tho rolwatton rata if with tha tiapiratara T, a ralatlan of tha tyiw 
^ • oc T • p> t^ (4.35) 
with oc anit |l as oenstanta to ha tfatamtnotf frao tho ouparlMNital tfata» 
Is assiMiad. A satisfactory f i t to tha #afa aolnts Is obtalnatf for 
2 • 0,06, oc . 5,5 X le'VoRouw)^  P> • 1.5 X IO^^K^. fnffhar, as tha valaa 
of AV N i^ ianeas fraai 1.#7 to 2.0, on Incraaso In f-foctor Is ahtalnad 
Mhlch Is oaopaiisstwl hy tha roAictlon footer fCZ^V). Thus V / > • 2.0 
wlih tho assuMai rolaieatlen phaneoanan fIvos a foai f i t to tha f-factar 
Tha proooilng analysts show thot aolsslan of "Hia local Isail «o<lo rolsKatlon 
of foots iNiy rosMit In an orrsnocs Intorpratatlan of tho oxfNMrlMontal Cata. 
I t laatfs to an vMkir astlMrtlon of tha IfN^arlty-host foraa oanstant If 
tho analysis Is carried oct aniy on tho hMis of tho f-foctor nooscrimnts 
or to an ovor ostlswto 4f I t fros tho analysts of fOO->shtft aaasaraosnts. 
fffacts of tho local ItaC oaCa ralaKatlan on tho $OI»-ahlft can ho Cotonilnoi 
ansotlpoosly hy Moasorlni tha shift of tho MaaiMNNiar Una as a fsnctlan' 
of tmpsrttaro «tth h«lh tha aaarsa an* tho thtofhor noolot In tho saoo 
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eiMMlwil •mftrmmmf mi at fk» wmm tmpmnfnr; Untfiir ttWM MMfttlofit 
k9fk itm iMMr t l i l f t •!!« tiM n«rMl SOO>slitft SIMMU b« i«r» MI4 t l i* 
•kMrvMl shift of tiMi Itfw wMI I M tolt ly 4kM to tho totalIsorf wmim rt> 
ItKitlon offoctt* 
*>) CowtlmiiiB Mo4» Woloxottom Tho rolaxottoo offoctt of o coAtlfiiMM oote 
ctR ho ttMdIotf oxporliMHittl ly hy utlim t pitlMHl rf f t o N . Ourti^ tho tloo 
for vhlth rf I t oo, ^lo onorsy frto tho rf flewt Into tho WMIO tml tho 
tYoroQO fUKiriMr of pheoent tml hoMoo tho ttnfiorttiiro of tho MO4O f I r t t rttoo 
vfth tloo and.hoeooot constant t t t vtltio at which tho otargy flovlng Into 
tho motfo bteoiios oqtial to tho oaorsy f towlag oat of tho aodo. How at tho 
rf I t put off tho toMporttaro of tho nodo rtlaxot oxponontlalty to tho 
latttoo taaptratwro with a raliMatloR rata a^al to tho rolwKatlen rata 
of tho a«Mio. Tho Motthaaar spaetniis racoriat iwrtf^ tha tloo for which tho 
f loN I t off» lAowU thew tho phooon rtltMotloa offoata. Haro wo oatt aoto 
t hatio tflffaroaaa hotwaaa tho palto# rf aKporloont ofNl tha aKparlaaatt in 
which local lta<l ootfo I t tMoltod at a rotult of tho aftar affacta; In tho 
local Itotf MOdo oMporloontt tho phtnootnan raapaatlhla for tho oxcltatlon 
of tho localliatf «oio I t tho taao at that which rotalta In tha forMotloa 
of tho Mottbauor OKCttad ttata, ^laroforo at tloa t • • whiah I t iaflnad 
at tha tlaa at which tha Maathaaar awcltad ttata I t farwai, tho taop-
aratara of tho tMCltod localItad WNia I t alwayt tha taao In al l tho nacloar 
trantttlont, while In tho paltoi rf «KporliMNit tho forttatlon of tho 
Nbtthawar aitcltod ttata I t not oorrolatot with otcltatlan of tho vlhra-
tlonal nMNia. Thoroforo tha Matthaaor OKcltad ttata can ha foraod wt any 
tiBMi an« tapaaitag apon tho tloo at whl<Mi tha Matthaaor aMCltoi atato la 
faraa< after irtto rf tMlns pat off» tho Init ial tatptratwro mi hanat tho 
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v»lu« •f Z^tr«M(t«r will l« 4lff«rMit f«r CI' tflff«r<Mit fiii«i*l. If 
th* MMtbwMir nvel^iit I t Hnmi at • t in* t* af t t r Hw rf MtRfl i>iit vlf» 
then tlw 2-»arwntT f«r tliat i^erticiitsr trwitltton wtM b« f l v M by 
2 • Zp • " ^  C4.3«) 
«h«r* Z l» tiKi vaiiHi • ! Z-|»»rMMt«r at fk^ tlMi at whlcli tNi rf M M 
M t off, time* IN WI wpcrlMMit Mttat «• i^Mnm I t tht tfwwtnm tvtrtgtd 
evtr • Itrgt mMbtr of mfeltl, tht tiMMetrtwi at ^ t t rv td In • pttlttfrt rf 
McptrttMMit trftl b« ofcttttiiMt ky •v«rtfitfi0 £«|. (4«26> evtr t i t iMWtlkIt vtlutt 
«f Z-ptnntttr* At tht rMtloMrflvt 4tety of t fitrtnt mieltut t t tht 
txettti4 t tat t pt tht MMtbtittr iMiclttt I t t rtntfoti prtcttt* tht pr^thl t l ty 
• f dtcty t f tht ^tr t t t intclttt In t tn l t t la t liittrvtl I t eontttnt tfid 
thtrtftw^ tht ohttrvt^d itro«>^hefKNi wilttttn iir^iMilllty ctt ht thttn t t ht 
tqutl to 
W<EI - ctfitt t"^ ^ V ^ - ..™^ttl-tJlttJ-dJL 
ijm^ (2>'*2« I] («|)2 (E - 1^ )2 • 4 [ r • ZUfmii ]^ 
X t J txp< - *Z^  t* ^^* ) fZ^  t" " * ) * * * • <t» ^  (4.57) 
o 
whtrt T I t tht t ia t f t r whieh tht rf I t off. Ftrthtr, 
00 ( w l ^ ^ ^ ( I T l'**'**'* ,r- J -, 
MTtPKi k! I! («!r ft - t^r • * l r • 2H^}i p 
X i J tx^l • iit^ HattW t» ] <t» 
o 
(-1)**** ( iv' 
»KC> • *9mf t *" * " — — - ^ ^ — - -
Mi * i , »lctl*2*i 
•M r_ . „ir . Y'^ t-ir-Hi^r— 
eroid 
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- f t -
Tlw «nli «v«r Urn. • i i—i t l i i §!§« I M l M t M tlist H t ttrn f^r k • I • • • 0 
IMS kWMi «KClii4mi Iran ttw t iMMt lM. Tti* M M §lia|Mi • • •fetatiiMl f r w 
M . (4.3t) art tliMii tN f i g . 19. 
Astt at •! .» IMMW If ivt i t t fatN ftm • f f««tt •# rf wt i i t t ic f l « N M tlw 
AS 
MsiftbaiMir SfMNetrwi. Tlity n i y — i ttiat t l i* ^ptmfnm tsltMi Airing tli« 
rf • I f h4Ml mi •ff«ct mf rf M 4 tli» i l l f T t n c t In tti« tpactra witli rf 
on mi Kith rf off wtt nttrllNitM to ttm nffncts of rf Mgnttlc f loM* 
TlMiy fountf tMit tho •^•ctnM In tlw ffMonoo of rf INHI norrowir thon tliot 
In tho obsoMHi of rf * This norrowlnf MIS lnforpr«to4 l»y tlioso oiithort o» 
orlting #io to tho coMotto of hyiMrflno f toN hy tho oppllcotlon of r f . 
Howovor* tho •poctrwi taktn iorlng tho rf off thooN eontoln tho offoott 
of roloMotlon of ^ho vlhrotlonal iie4o which goto oKoltoii iwrlng fhm p»rtii4 
whon rf I t on. Thoroforo tho UHBtkmmr tpoetnw tokon Airing tho rf off 
thooN got hrooionoi os o rooult of phonon roloMOtlon. Tho rolottvoly 
hroo4 ^octriM ohoorvoll Airing tho rf off olght ho Aio to tho vthrattonol 
iMMlo rotoKotlon of foots m4 not A M to tho rf oolli^to of tho hyiMrfino 
f l o N . Duo to tack of a^pr^rlato Onto I t wit not pottlhio to analyto tho 
tpoctnm in Altai I . 
HtiMM ot o l . , Aitoralnoi tho roloKotlon tloo of tho altraaonic wavot In 
tho Iron fo l l t atlng iHilaoi rf magnotlo f ioNt .*^ Thoy 4otomino4 tho 
Intonolty of tho trontolttod Moathaaor ratflotlon ot loro votoclty ot o 
fiMOtlafi of tho ttoo fro* tho t tart of rf polao. At tho rf ^ I t o atortt* 
tho ¥lhr»tlonal an^lltiitfo Incrootot with tloo, roowlting In 4oarooto In 
tho Iwltnilty of tho aoro^^honon lino. Thlli roaoitt In an Incroato In tho 
tfVWMititton of tiatihAiar ]pMM foya* Convortofy* whon tho rf polao la 
f # off tho ai^lltaio of y|kr«ttoiii iaaraitai whtio h^o trantolaotoii of 
• i O « 
§mm n y t tnenwMs. TNi «Kp«rlMNi'hil 4«t« D M f IttMl ky taking ttw «KMfl« 
In t M tmmf nrhi trtiteli I t yrop»rtliMil t» rtAMctiM In tti« iMttiistty mft 
ffm Mmnrphmm Wtm, as 
• \ Alt ft >*^ ^Ho( | . « ' * " M i i V 2 ^ > C4.Sf) 
0 
lAiIdh, If M /X <t» rMvott t« 
A R oc «2/2 ^^ (4.40) 
wlMMW XT itcayt «i|MiMNittally with ralanattaii f l a t c^. Unit ifm data 
MM f I t ta i w i ^ aa aiqiaaawtlat ta datamlna <HM> valaa of ?:^ « NoMvar, IMI 
mat mt(f^ tliat Eq. C4.40) la aat va l l i la tlia t»rataaoa af pheaaw ralaKa« 
tlaa; tlia ralamrttaa af facta dlacsvaaMl la t M yravloaa taction taa4 ta 
•adlfy t ^ lafaatlty of tha tara'- phawaa llaa. 
Ta 4atanilaa tiia tMH>a af tlw tjN^tnai la thla aMH^Iaaatal aaatlltloa, tlia 
aKf»rattlan {4.2i) with E * ^ , tltaaN \m avanqiad iMwr al l ^oatll»la valimi 
of Z batwaaa t int (a-t) A7 ami a AT, wliafa AT la tHa t i M tntarval to 
itliltli m» duMMial of tha pitlaa holght analyiar aorratfKNMft aa4 a haing 
l^io chaaaal aaohar. That tha la te«t l ty In tha a th chaanol I t flvan by 
i_.»fc*l t i » »l«tlt2» 
Hd) • aaatt a"** r if . r 
«>0 ki l \ im\} 
-(M^lt2ol (a^tW AT -(fcfIt2»)a i/AT 
V • - o 
(k»l^2ol^ A T 
(4 .4U 











































Th« rvtults of ntiewrieal avaluiBtlon of this •xprvstlon art ahown tn 
fIgs.leA^o.Qna can sea that only for vory snail valyas of Z m4 ^ » for 
tdileh tha ralaxatlon offoets am not approelalilo* Urn tranaiaittarf intanslty 
doeays axponaatlally with t laa. Ctfiarwisa tha rasutts of E4.(4.4I) 4tff«r» 
MMlltforably frtw that obtalnod froi fq . 14.99). ThMS althoash in tha 
oxfMM'iMNit of MalwM mf a l . , tha altrasonle ralnwtion tlaw » M •ufftolanflf ' 
IMfS MH^arad t# wtt WMIMMT' tlv9 •NHI Ml ^''"i* *Nl* '^s^^' Ml Tywi TV S 0tt§ 
ilpraMlaattaii* MT^ttr M f l t r fPNiiaiietoa wltli tvlt iktd MMMUlr •tHtfltloRf*' 
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0-0 = A 
V THI aniGE MOOi MILAXATI6N MIO TIME FILtlKIMC EmCTS IN 
NiiisiMicii mnmmon 
9,1 lntr«wtMCtf9W« 
In ttM CMVMltlWIBl MMClWIMir miMMrlMMtt M * M M M f M tMl tr«f l«i t -
• f itM of MiKisbaiHir gaMHi mys thrmisii • rttoMHit altMwrNir at • ftiBetton 
of tiM» r«ltttv« vtloelty b«t«MMii tt)« sonroMi antf Hi* at^serbtr. In ffm nof 
to convMtl<M»t MitiMMl tlM» t i n * d>M*<aiw mf tha tramMtttatf Maatiavar 
QtMm rayt throash a raaanaat abaarbar la naaaarad by tha a a t l ^ af 
86 87 tiaa ^layad eotnelrfaaea taehnlqua. ' in tha abaanoa af a raaoaaat 
abt«rtiar tha Mosabavar nMliatleii In tha dalayari ao)nal<lamsa taehnliiiia 
aboHid 4aeay mpeaantlally with ttna tfaa ta tha finlta Ufa tlmi of tha 
mitttaar atata. But, Mhaa a raaenaat abaorbar la intra#M«M batvaan tba 
aowrea ani tMi datactor^ tha rmllation In tha eantra af tha xara>t>hanaft 
Itna wilt ba abaaflMMl w»ra than tha radlattan In tha v\9%% m4 tha fra-
<|iiawcy tflatrlbatlaa of tha lara-phanan radiation aftar tranuilaalan thraiigh 
tha abaorbar baaawaa non<*Lorantxlan. Haaea,tha tl»a 49p»n49neB af thta 
radiation 4—* nat raiMln aKpanantlai wharoaa tha rast of tha radiation 
whiah la mtlff^di In aaaoatatian with tha •wltlpihanan tranaltlona daeaya 
axpananttaiiy with t l iM. Aa a raaalt tha Intanalty of tha oaami nMllatlan 
raa^lnf tha i&ftim' daoa nat raoaln an aitpanantlai fwnetlan of tloa. 
Thaaa affatta ara hnawn aa "tiaa filtoring*' affaata. Ciaaalaal and qaantwi 
thaar la i^ *^ l«f^  tb« offaat of a roaanant abaorbar «n tha 
tloa dapandanaa of tha MoaibaiNir mdlatton ytva alwllar raaalta. 
Tha MaaaraMMit of tha f t M dapaadawta «f tha Maaabaaar faaoa raya can ba 
aaafal In tha itady of flm <8iHJ|iH» »lna8»tBai oeawrlni at tha aaato of 
naaloar l l fo tlwaf^ t i l a l l t i i i t t i r t t t l la i i hiim l«an mrri94 oat for tha 
- «5 -
•flMtt •f • rvtaKtng •xcltwl l«e)itlM4 MMMI« M th« tin* 4«|HNMtofiot 
•f tiM tMtwitlty of tiM ur^-^hMM r«4l«ti«i7^^*^^ TM •Kltttiit 
iHMMTtM prvtftet ttuit »t • rvwitt mf toesltt^l tm4% r«tiK»tl«f» •) tlw f-
f«et«r InerMSM cwitlmMWtly wfth tl««, b) UMI fora of ttw flwm iftff«r«itttti 
MotaliMMr t|i«ctrtM U •ff«cf«i. At «• will • • • In th« follMrlnfi t«etlMi« 
"Hit th««rt«t 4^ymi9$m4 • • far bav* aana baale <lafa«ta afii tlwt ^ not gtva 
«ofT«et rvsMlta. Tharafora, «a tfavalap a ttMM»ry for tba affa«t «f a 
ralaKlng littica vlbrattanal aote en tba tlwa riapaiiiaMO of tba ratmaiitly 
ftltarad Mosabaaar ^wtmm raya. In tba llgbt of tbia tbaory aoao raeant 
aMiNMrlnantal raaulta ara a»alyaa4« 
5.2 Tbaorvi 
tafora ^walling on to oar work a briof rovlaw of tba axlattns tboortaa la 
a« followat 
Tbo aaolelftalcal tboory of Oaab an4 NwaabaiMi (toaorlbatf In cboftar I I I 
Sivaa tbo tliaa 4iHN»n4ont aoplttatfo of tbo Mtatbaaor nHltatton at 
Ij,<t> • ! |< f>^ | *a i tp [ - . ( lw^* t r t J - a o * ^ * ) CS.I) 
Tbo tntantity |C^(t)|^ obtalnatf frao tbIa tbaory la abown In fig. t^. 
I» diaouaaotf In Cbaptor III tbIa tbaory aaffara frao aooo baatc abort 
oiMlnfa m4 banoo It la of llttio valoo for tbo oooparlaon of tbooratloal 
roaalta oltb oniNNrlnMMtal iata. 
An oaaontioliy aiollar aM»roacb woa atfoptoi by Sieiopanakl*^''^ to iotor* 
•Ino tbo tloo iapiiiabit •f tbo rooollloasfrootlon In tbo praaanaa of • 
iaeoyfnt tbttloo vfbratlonot wtfo. Tobinf tbo ooan ofnoro 4lapla«aaont of 
- «4 -
tti* nMltiitliig RMcUiMi t» tf«Mmy with tlmi • • 
<i|2<t)> • < «J^  > - < <tij>. > •" ^* • <. iij<t^)^ •" "^*' C5,2I 
th« t i M <i«p«Mlmit f - fMtvr Is glvM M 
H«r» Ur I t ttM cMHfitrlbiitlMi of th« rtlaxulns »•<• to tlw dltyliwwuwt of 
th« rMltitliis •ten Mitf ttw mfflM «t rvftrt to fhm •^Wlhriwm vslti*. 
f ^ I t tlM utMvl f-factor In tit* alismict of lattloo IMMIO OKcltotloii* In 
• tiMi 4ol»yod a»tiield«tieo iMporliMNit with tt«o rosolvlng ttno of tho oolnol-
<#Mico 4ovl«i o^ot to <C, tho f-faetor ^torvoi ot o tfoloyo4 tlno t I t glvoo 
f • txp .^-:;^ ^ f </ct«)> dt»l 
Tho obowo oi)«MtloH togfotts tliot tho offoctt wooU bo ^tonmhlo for 
•"'^ 4: 1* Fwrthor, tho 4oloy tloo thooN not ho tott than 0.9t; 
hooaoto of tho Moathanor lino Mfomotlon. Thot tho oon^ltlon which tho 
dolay tloo thooU tatltfy It ••>r <.*a^|-y 4^^ • ''r**'t thaory la b a 
alol lor to tho theory of Doth &n4 Notthawi ao# tolfart f rao tho tattt drawback. 
farthor* both> tho thoorlot <lo not taha Into acoaant tho offoct of rotonant 
abaorbor on tho tloo <a»anianaa of tho Maatbaaar ra4latlan. 
At IntfIcataiv In tha oarl lor chaf^tar, tho apoctnw of tho relation oalttai 
frao a noelaat In a cryttal can bo written at a taii of I loot roftrtaon^ l^nt 
'htp loro phanan aMi «altlphonon tranaltlant 
- « -
TiHNi»tMl<M* ^* •Mil (I'M tlirMigh th* 9k9»rh9r can !>• Miitt4l«r«(i 
i«|IW«t*ly. S I M * ttM miltliMwMfi l l M t art •tutrMl at aiMnifat far frwa 
-Nia faaaaawaa aaarsy af tha abaarhar, thatr atiapa la imf affactMl by tha 
traaaataalaa thraufli ifm abaorttar. Tlia ahafM of tha lare-phofioa Una Is 
iM»tfillaa iby paaslas thraasfh a raaanaiit alisarlMir. In ttia yraaanaa af 
lattlca MMla ralaKatlaa tha lara^tmnoR Itna Itsalf eaa hm aKprassarf at 
a saa af a waabar •f Lorantxiaa llfiaa of #lffaraiit wlt^a ani eaatrad at 
tlia aaaa ananny iin* 4.26). Ew^ of ttiaaa llaaa will Ni affaetatf by a 
rasaaant absoiiMir aiti tbarafara wa can writa far tha Intaaalty of lara-
phenaa I laa aftar tha tran«ilast<Mi throagh tha abtorter, at 
Ut,£^(*i) w o ™ 2 L — 9 «: <t,zsw) (5.6) 
0 KM-Q I! im]r ® 
ahara iL ( t , A^^) U tha tlna <iapafi4aNt traRfMltstaa of a Laraatzlaa 
Una of wNth [ r • (|4«)^ ] . Tha rost of tho raitatlaa ahleh la aolttaa 
In wtttlyhanan trantlttana al l I iacay aa I t aaaN In tha abaanaa of an 
abaarbar. Naaavar, I t oaat ba notai that baaaata of tha fihanan ralaKatlon 
affaata, tha aaltlphanan railatlan alao 49w not aaaay awpaaantlally alth 
ttaa. To 4atarotna tha tl«a iapanianaa of tha iwltlahaaan raillatlan wa 
fIn4 that tha lara phanan iiNflatlaa, bafara paaalnf 'Miraafh tha abaarbar, 
ilaaaya aaaarilnt to 
..« •»> Y" '•"' '*"'*" '***"' A'' •«'-»'! 3* 
Li t ) " a / _ — — — • — - • - ^ — « - « . a •" C5.7) 
' l , o^ l ! < o ! r 
Maw tha total ratflatlan aaolng mtf of tho saaraa wmf iaaay aa 
• rt ||^Ct) « r a wharo tha aoiiMilliatlan la aaoh that tho total Intantlty 
lataj|rota# ovar tloo la wilty. that «• got tar tha tloa iapanttnaa of tiM 
» w • 
MllttfMHMMNI ra^lfttlMI M 
I J t ) • r •'•^*- i . m <5,i) 
Th*n>fw,tlf tiMi <»ptii<aii>t 0f Urn total ratftatlon fMCtdng ttm 
tfifactw Is gtvM by 
Kt.AUi) • lQ<t,A6i) • I CtJ 
i ,» i* II « « i r 
|J(t, AO)} CM b* tf«t«nita«tf ky Mliig M i l Mtabltthctf Mth«#t,*^'** 
A LM^RtilM I tM •« wl4th < r 4II7J ) CM b« ««itt4«r^ t» b« 4nltt«# frw 
a RMclwit having nafyral Itaawlith of tha aKcttatf ttata m^hi ta (T -HI]^ I . 
Tliamfara* wa aaml^ iar a tyataa aanalatlag mf fumrm aaalal havlag M 
«Maltai atafa at aaany ^o '^^ '^  Mitaral Itnawlitlir • i r •«-)/) aM 
laaatai at paattlaa r • 0«,)*|)a railatlaa flaN» aatf an abaarbar slab af 
tbtaluiaM 4 »laaa4i la M-y #laiia at t • r . Abaai^r aaalal bava baan 
rnmrnti t» hava aaa aitaltai tt ita af wlitb f aai at aaaryy £*i'^ wbldi ta taMm 
ta ba tfllfaraat iiwrn tlia aaarfy •f tba «oilta< atata af tba aearca aaalal 
ta taba lata aaaawit aay 4l#lar«iiaa l» fk9 fwmmtmm mm^lm mf fim 
•aarta aiMl abaarbar 4aa ta laaaaf ablft mr a Oapplar iMttaa af tba aaaraa* 
Tablag tba Naal Itaala* U*, raayaaalbia far tba trabtltlaa bt&Naaa tba 
nwalaar atatas* at tba partarbiitlaa mme tba HauMtaiilaa af tba tatal aystaai, 
tba tiaa dapawiaat t«Hiirb«riaa tbaary ftvaa tba aia^lttf a i^aatlaaa aaaaf 
tba aa^Mtytfaa a (t> «f Hia 4lff»ni«t ftatst «f tba iystiit 
I 4ft> •T^tfi •"'^'^•"'^•*V<^JitMO • •£>.,Scti IMW 
a> |k " w a •'t 
viMirt • ! t • • til* mfiMm IMI» hmm immmmi t * IM In tli* I tii stat*.^ 
I I I «Nily amrm «MtltMi, «• ^iMtM i^ rMMNit^  attuwiwr MNII*I In grmiii 
•tat*, tlM «*rrM|MMMlliig WHulitiitf* U a l t ) , 12) Wtli tlia aaiirMi an* 
alHMrbar NiMlat la fraaatf «tata» aaa pliataa af wMNNitwi k ^raaaat, 
aRftfta^ \i^it aatf CS) aaaraa la traaatf atata, aa I^tataa prwiaat* 
aaly I tli aksarbar aaelaaa la tlia axcttai atata, aaf^lltwM c ( t ) , 
Wltlt tlia laltlal «aa4lttaa ttwt at t • 0, aCO) « 1 aatf MO) * a (0) • 0 
V arrlva at tlia f«llawln0 aaapla^ aipatlaaa aaaag tlia aatilltatfaa mf 
4tflaraat atataa of tiia ayataa 
I 6o -Co. • I* T /J A<W) • I • X i CU>) <5.t|) 
V a §: k l( 
I U> -w^ • le > • <to) • ACW) MJ 4 ^ C,l60)Hf a * * 15.12) 
* li * I I * 
l it ~* 
{ oj -co* • H V ) C,<U)) . ^ •.160 )H. •"'•**« <5.13) 
9 a I k 
wliara i{^ H fim partial lataraal aaavarataa llaawliftli • ! tlia aaclaar 
•Maltai atata ami H^ la tka Matrix alaawat <aK)ll. jsr^. le la E .^ (5.12) 
la latraiaaa* ta aaaara tkat ttia ayataa «l l l 4laplay tk* carraat kakavlaar 
far t < 9 aai glvaa tka ^rtipf Masai tty aaa^ltlaa* tka i«*llta4aa 
AluM, tCM) at«.« ara fli» iiarlar traaafaraa •f tka aarraapaa#lni tiaa 
•tt) • -<27\ii*'j i60 mH^l Hco •u>)t} AICA)) ( I . H ) 
eaatl4ar a fraa aailM* tmlm flNfltai t t i ta llaawltftk a^aal t * ( r ^ a i / ) . 
If laltlal ty tt ia In tl i* «Mlta# atcta tiMNi tlia w^lfta^a A(U)) far tka 
•tat* la «iil<^ tk* WMlaat •• l« tk* 4Milt*i tftf^ «ltk aa ratflatlaa ar 
Arwi • Ir+aV)• fto -CO. • i i r • •^ i }-* m^m 
H I * t t m ir<HiVr «Miiiritt ftm mrrtf i»rwiHt»tiii 9f ftw lfit«Mi»tty« 
if m nmtm ttitt wm» in tNi f f t t w n • ! a^fft tr tlw MinnM niHilwit 
<>fyt III tl)# »••« 
MLd} m iit§. C9.11) M i < f . m •im fs 9l««i ky €^* C$.m. r»rftwr, 
I I tiMi t(Nif(M I* far MNiy frt» ttw akMrlMir «ii# tti« ar** af araat^tactlM 
C «f tlM •bMrlNNr I t S M I I tltMi tlia ta lN Mgl* mikttiMiad ky tM 
•kiMN^wr at tlia tavrwi aaalaat la taalt aatf wa eaa aaaam tkat fim 
f»liataat raaiMilaf tlta allaaf*ar ara aavlaf alaaf tlw pMltlva i-^lractlaa* 
\i»i%r tkis aaaamttaii tiia f«(. (f*(2) taaiam 
(fo-O)^ • le. I M M ) • H* J doACr•«?()» ——t^.«.J[^«.«—1^»« 
^^  ** M«- 0 t 6 o - t o ^ * Itr4i i2l) / t J 
I ' 
irt»ara 
e i k ) • I far l i > 0 
• • f a r k<9. 
Cam l^nliii lat* <'*tl) aai ( f . t i ) va alitala 
—• —» 
l 6 ^ - a j * l i n e j l W ) • ^ l ^ ^ * * <6Lb-6ii^* l e r ' {oi ur4aj/)*a*****> 
a 
( f . m 
^ 1 
IM60I «.^^^i«4«« |i«M» 
• w • 
TiMi tttiitt** • ! m&m t^iHitlM itptiiit wpm nm wpmUt i t t t r l N t i M 
•f tkmi^f iM«l«l til tlM latt lM. r«r • ntwiw 4t»trtk«tiM •« tlw 
•lNMNrk«r iiwil«l (uliliii I t tlMi • • • • iiltM tlw i imii frst i— vf tlw MMiadiiMr 
Mtlvft iMtt i^ IM tlM aliMMrkwr i t I IM>, ttw tfltcrvNt l«ttlM points «MI 
n k« ntlMwl hy • MwtlMHMMi iUtr l lwt lM. UMkMT till* •ftpnitliMitIwi tiM 
MMMittM vMir J In Eq. (S.tt) 4MMI INI mplnnMl liy an Intnti^tlnn wltli ttm 
tfMwIty nf nkMrlMir nMlnl PCr) •> P fnr 0 < x < 4» nni PCr) • 0 for 
•M otHor vnliMi of t* FnMr tlio tyMwtry ornwuntt I t folloirt ttint 
Cir,cxii mmn&f HOINMMI ofMn » or y ontf tHoroforo por^N«tnf ttMi Intofrotlon 
o¥or M omf y 9l¥os 
(to-60* • u r i cu.t^ > • -I R' 
i^^lic^" w^+ t(rtm/l /x} 
TT«R P r r^  I 
. | 1 _ I ^» CCi%W> o' 




• J <i» C(i»,6C>) o**** • **^ ] Cf.l« 
z 
UNNPO tlio Intoiml ovor x* MMI IMMM krolion Into two ports to ollotnoto 
tlio olisoliifo VOIKNI olfn In tlm lntosran4» Uslnf tNo Itoratlvo toiriinli|iio 
• i 
wo tot 
(^jA [oi . 60^  • H r*nil 1/2 ] «^ - CO* t'lir > 
[ Tl P / R t 1 
^jlto • 6o'* i i n J 
SolNitltitIni tMi #t« i f t l i t •# tlt^a^l In i^. tf.tfl wo oHoln for tlio 
• 70 • 
iOO • 6o». • 1^) i . l ^ ) • —mM»»»»»»«iw»»i • .>••«• • • • •• —H» Sill j^ 0) gilt P) 
0 
wliwNi tlM» MnMitlM inwr J I t iQiiln |>«rf«mitf l»y mutatefRf f t ky «ti 
livtiiriitl«n «MI tfit«pr»tl«ii mttr n mi yr It, pttunmi liy taklnt e(t»6o} t» 
iMI iMiDjKMMtlMlt • ! X «Ai y* P«r tt)« «••§• « l iKtSfMt SM nMMNMMkl* 
•^••r t tr f«i I tkttliiiMit < 60 - k ) t < < 1 «ii4 th«r«f«r« •iip[ H (x) » kg)t ] 
«Mi %• r«^t«M# ky witty. T N M •¥«t«i«tliig tk« luttjinil tn tk* r t fkt kani 
• t # i • ! !*•<«• tMipiwtiw iMi f I M I ly vktvlii f«r tk« fwvari M»tt»rliif ^f 
'k ' ' »-*~ ^ 0 
(S.22) 
tk» t i M itfmiwt « ^ l l f H # l ^ i t l «•« k« «kt»iM< ky uttiif I f . <S.I4I. 
l ^ ( t ) t t mm t » 4vt«niti»* tfc» # M t » l «•¥• #«fi«tftii •# tk« r i l b t t M f l«M 
^ ( r « t l , fk* i p i r t •# nkl^li fl^Pti t i t t i M <k»kii<Kit tfttiMiUtl«ii. tk«M 
^<r,t> • I t * ' * * ^ i^itl 
k 
r''" . . I<fcl-C0».tl f , , I f H I • CO^Tf * ^ 
o 
-71 • 
iftm •vtr k m Umi iy #%t»tK 
2^ *' l6o.t^^* I4 ( r *«^) ) 
Tip Vg <i 
0 0 
Ttt« alwv* liif*9r«t «tii IHI •v«lMt«i ntliit tiMi rt t t i iM tlmirw taklnf 
r T P 4 a 1 
X «Kp - I —5 ^ 1 (5.241 
• tMitelrcIt in tl i* tipfNunitMilf of Hm tsmpimt 6:> Him* • • tNi vwfmr •f 
(ntMnittwi. TlHi f«MictfMi Nit tliipf* |M»I* at 6^  » ^^ • t icr^ i i i ; ) aM 
9 
m ••••Ntfai slMifltrfty t t 6ii« a>* ** U r . 'nittr«f«r« 
« 
'^« l t t ) • - 2 aT\| (R, • IL> 15,25) 
«ti«r« R| tMl R t r * ttw rMlAi«t of fh% tmf»$rw4 at ^ • ^ » | ( r *n-^ > wii 
O) • /^« « 14r r»tf*tt lv9ly. To 4ttor«liio R, MO lot t» -LO - ^o. • l|Cr •n j / ) 
0 1 0 
•o ttist 
• tw^f - i j 4^J^  - IH^t i iV ) l f t - l> • I —r ^ ^ M* (f*2i) 
irtioro lb • f4T\ p -ij/ CA^^ r)# ^ " » AJ» • ^ oii# no liovo otoi tlio foot R V 0 0 
t»iot 60- » r . To Ooto#»lao 1^ »» lot 1* • Cii . o)* • l | r »o t l * t 
- T2 -
CD 
•M r^ iKC« - t/n) ] • 2_ «^ ^ <») (9.2S) 
t« «qHKi4 th« MMMMMl MptMiitUI tn E^ o (5*27)» «(• 9«t 
-HO)* - l * r M t - l l _ v°° < - » * ! * * v *^ - / ( t - t ) 4 \ * « 
^ 1*0 ( AO) • iin^ )»•' ih«-(x. \ < r^ / 
X t***J [ Ct-i)* ( r p . ) * ] (5.2f) 
III ftm •hm% mtpnHatm ttMi Hrwm ftr M • - (l^tl •nty k»m t iMii*i«ro 
rwit^* i t 60 • ^* - l | r , tiMit 0 
-MO)* - i *rMt- t ) , V**' i / -I ^'*' 
R . , 0 M*. 2. <-nV '—: 
-•I 
^° \ »«-a> * ••-00 * ^  
wlitft 1. I t liMiiUHMM^ 111 N* li.90K ll»lni In , (f«ltl» tlM Hf^t 
• iWi t lM III i^« li«$ll «M i# alitwi t» N «^tt t« -it • thtrtftrt 
^o m 
^{T^J^ t^^ ^^P r^l*} f9»il» 







a A i * . 


























































X [VP^rct-D }** J [ Jt-il* (?>r> ] (5.5« 
O M «* I I f M tiMt f&r 
tiM t t r lM I9.39) mmmrf ^nny t lwly . In tliat • • • • mm fum rmmmtm 
tlm H T M t * mprm^ fhtt rMiilt «§ 
M^Mtlin l i . f i • l«l^ wftli i ^ . C9.53I mi (9,99) fliMM flM tla* itptwitut 
• f tilt f i f i i n t l y fUHfwi WmuHmr §mfm r&f !» tli« prmmmm • ! tvttlM 
••#• PtltdifItiit flit fiMntti Af MMwrlMt •¥«lii»tl«ii mf Hmm #fii«tl«M 
l»r iiff«fiiit mlm§ •# ^« r tM u^b tm sMwn IM rigt. 22*24. UMI 
• l«i#l«ift #f fiat • • tlM^ t i t itfytt mkmf tiit itvlttltM Irwi tiit 
wntfttt flittrlm' lliiiMi Hit iHt i i t r «•< tt • •ttt i f I f* fttttltii • ! ttit 























fItiNrt 29 tlMMt tlM tfMi iipaMNMMMi of tiM lATft-phonon rwliatlofi «Mly» 
f«r MV»nit valiMS vf (^  . Th« ^ thci «tirv* nH»n»Miitt tte« Int^iislty 
of tN) lorcH-phonon radtatlon b«fer« passing through ttio i^sorbor. IN tito 
•bsoMOo of soy phomM rsloxotloo ono tMwN mtpmf It to tfooay SKponontiol ly 
with ttoo. Ono «on soo that for tho iNM>tloilor coso shown In fig. 29, tho 
xoro-phoMMi radtatinn 4«eoys slowar than tho oKpomentlol l*o., tho rocollloss 
frsetl«i ft fftf ilipti Inoroasoe sontlMMOsly with tlas. Howovor, ono finds 
that tho oheorpttii tm ft rosonant ^scrbor irtileh Is oi|«al to tho 4lfforonoo In 
tho Intonsltlos roprosonto4 hy tha 4ashod oiirvo and o oowtlnoons owrvo, tfoos 
not olwiys Inoroasa with tloo. It oust ho nofod that SHporlaontol ly tho 
Inforostlon ohoot tho rooollloss fmetlon of tho sowrco Is dterlvod fram tho 
ohsorvod Misnltwio of tho i^sorptloo of Mossbaoor nMllatton oftor posslna 
thwmit ift •hoorhor, howovor. as o rosolt of t i M fit taring offoct^tho 
•hsorptlon of tho Masshoaor radiation at any tlaw Is not pn^^ortlenol to tho 
InstantBMOos valwo of tho sooroo rsoolltMS fraction. Thoroforo, tho ttoo 
dopondonoo of tho ohsorptlon of Mosthooor radiation In a rosonant ohserhor 
doos not diroetly gtvo tho ttoo dopundaoco of tho rooollloss frattlon of tho 
sooroa* 
Cffact of tha thomol rslamrtlon of a oonttnoMi M N I O on tho rtsonantty 
flltorod Moasbawor gonMi rays con Ni stitdlod sslng tho polsod rf toehnlqwo 
doserlhod In ehoptor IV. to obtain tho t i M dopandanca of tho rooonofttly 
flltorad radiation In this coso, E^. (9.9) nwst bo oworogod owor all 
poostblo volwos of Z-parsMrtor (rofor to soetlon 4.Sb>. Thws In o polsod 
rf SMporloont Intonslty of tho tronsulttod radiation at a tlno t oftor 
forootlon of tho Moaibaaor wceltad stoto Is «lvon by 
" •- ® h,l,«iK> hi II lm\y 
fht|42>i)2fT r"" ' l t ,AT . \ ) l (9.361 






O't = ®Z 
OH 
r 
• 7 i • 
H I * r M i f t t «lit«lii«4 iittl» tilts ttfiMifiMi wn tkmm In Pig. M . On* tan M M 
»«3 ^|Yt^,ff,,tfif„i^ffifrfifit»>, %»¥ftE« 
May t t • ! « , — n i i f i ftw mttkwBr wpmtf mf Ci^ 'SO .^TH^O M • •mrm , 
MlNg tlw 4tl«yM •^n^imm fttml^nm,^^ toiMtlKf M ly t M M f«MM r«yt 
•utt tci Airlfit nm ftMttf t i M Inttrval • f t«r t M fwnMttM ^f Mwltwtf MMlMr 
•t»tt» tlwM Mitlwrt wasnirti tlw « M t < ^ * vt lMtty •psctrMi; t l i rM t i M 
iilfi*Mt t t tS M t» M m , 99 Mt t» 197 M sM 2tS M t« M3 M , wMnt t«liM. 
TiMi tHt t rwi ilnwt< two «hMtl« »t»tM N ^ M 4 F * ^ , —tk 
4tff«rMt ^a t f f^^ l * 9pltntm§, T IM Mtftl t ta* f l l t t r f i i f tfcMry*^*** 
pr«dteH th«t t)i» sia» •# tlw akMi^tl** i lp IntrMMMM • • mm gMt fra« 
f lr»t wtmltw t« tiM ••mi< M M m4 tliMi In tiw tiilrtf wittim f t tfatH 4*«-
c rwMt . TK» M y t t t i vM'lvtiMi In tiM 4tf t l | » I t ilMMt JfllU l^^fos >••!!< 
ttiat tlM 4ip CMTMIMMlMft t« tiM F t ^ «lt« fMIM^IIy fttllMiOtf t ^ t i M 
flltM^tii9 fMnttt III fmnm vf 4I9 t l i * . iitt« ttM 41^ —rrMitniliig t» fo'^ 
• I t * tllMfti • CMltlMMMI IMTMM In »tf vltll t i M . Tllty lflt*rpfWt«i tto 
r«wiltt Ml • t l M <tptii<tin» III tiM r t * # l t l M t frvctlMi st nm P^ s i t * 
M M t« • iMtlllAtf M^t rtlMMtlMI • • pfMllttMl %y OtSll MNl NtMStaMlJ^ 
m MplMwtlMi wti ilvMi wliy tiM tla» 49pm4mf fm&tlimm frMtl«» mmtH 
mmr Mily i t tiM P^ mif m4m& m n^ 9^ t i t * . mm*r, m imm thit 
fl§M Ht flM t ta * i t j i w l i i u •§ tiM tfliffrptlMi •# ptiMM rtyt i iMi Mit i i r tc t ly 
t t « | tlM t i M l i p t i i i m «l f««»|llMM #Pt# l t» . ! • llMM «t lMl« l t4 tiM 4l9 
MM K $ MpH^'t lM pPMMWr « M M N ^ » I M H ( ^ lP#f # piMMI wMl WpfffW' • » t iW MHMNn9* 
TMU 5.1 
• 9s, y • «.«» 
























































lf«t«: In 'HtU tnbt* th« piitr of KtMb«r« rvfrmmH thti 41p f%ftmi 
tkft f Imt ma^r I t tlMi «o«#iit«tf r»tl« • ! -HMI dipt «l>fatiMMl ¥tih 
the s«0Mifl vlfi4«w tv'tlMi first wfMtow «Ml ftm tummi mmtir tt f«r 
tlM rati* •f th« tHIri to tlM f Irat* Th* 4«f lfiltl«« mf wlfi4«wt Is 
99 
In QOMflniltY wftit ttm fKpNMrltMHits sf tisy at • !• 
-It" 
ftm 4lp at Urn MOTIK I I I4 tlw tktrtf «rlii4«M win tli« tflp at th« first. 
I^Mi tlMMw rMnlts m4 fltlMir «KtMitl«« «»liiil«tl«M mm f IMS ttist • V M In ttw 
IMniMWH • ! fOMlll4Nl MNto f * laM»t l« l , IMt t •# flM t iM* tll« lll|» t i l * ll«M Hit 
• N M • Mwitliwoiit t i X f M t w l ^ t l i M , al^MMifli ttw r M » l I l « t t f r a c t l M • ! tNt 
—Mfte Mlglit Ni iMCTMiliit witli t f m . frwm ttw w(^«rlaMit«l 4l«t« wit ftii4t 
tH«t f«r r«^^ t i t * flM r«t«tlv« t iMt mi th» tfl^t ara 1.00, 1.35 vM 1.30 
r M y r f i v l y far ^la tkraa wla^ awt irfiMa frwi tha arilnary tiaa flltarlag 
fk9Tf ftm ratatfva alia af tha itl|i» aoaa aat ta ka KOO, 1.20 aarf 1.00. I^la 
akgarvatlaa, alanpvttti tha fact ttiat tha laealliad Ma4a ralaKatlaa 4aat aat 
aaaatsarlly ratvlts l« a aaattiiaaaa laaraaia t« th» 4tp alxa* aa ax|MMsta4 
fraa tha aflwr thMri«M, ttlaarly taogMta that tha laMllsai wmi» ralaMatlan 
I t aaoarliHi at tha t i t t alta. Howavar, far tht Fa'^ tita tNi ralatlva 
tlzat af tha thr«a 4lpt art 1.00, 1.32 antf 1.60 aH4 wa f l M that far tha 
Otvan valua af P> • 9.0 thart I t aa valaa af Z aatf / far which tha thaarttlea> 
lly calcttlatMl 41ip t l ia thowi MM^ a larja IfMiHrsiia with tUia* tl^la ^Mrtatlcii 
af tht cxiMrlMaMtal rwwltt frm tha thaaratlcal pnMiletlaat OMmat ha 
accatmtail far by aarractlag far tht ta l f i aagia af facta mn4 tha ilavlatlaRt 
frtn tht parfact atactraalc tlitlaf *^ Haif at al.« aaHltf f i t tha ahtar¥a4 
rataltt far fr* tilth tha aataaj^tlta af a ratwdng lacatliai aa^, aaly 
htatatt •f tht laaiaipata thaary thay attll. Otr twalytit taogttti that tht 
I tat l l t t i «Mla raltMatlaa affaatt alata ctawtt aMptala tha ahtarvatf rasaltt 
If «Ma tahtt ^ • 9.0 t t iitatti hy Hty at t l . , . KtHavar* aaah aaaataalc 
iMfiMi^ la tha 4ip alaa aavltf ha aK l^alaarf If mm aaat p> -^  t la tha 
i tMra l ly tlw aoufci of MiMteiitf g im i reyt Miisttt* of rt4iM<tl«» 
W M U I «*II«II twfcgtei In • «rytt»IMM m\\4, 49mf villi larf* prtktiMlty 
liitd flMi MiiirtMtr iMKltMl ttstft of tk» 4mt§hHr iwclot. OiM»y of tlw 
<tM|liff mi«l«l fr«M tlit» tMi t t t i ttfit* t« the frtHiitf tt ift* r t w t t t In tli» 
Mitrtatur fMltiitlMi. HMNMW* 1li«r» ar* • larf* imaltr •# Ittte^M Iwvliif 
•Htryy l«v«t« Miltalit* l«r t M •taMrvatlMi • ! tlw WigrtanT • f fo t t , «liltl» 
•••NMt hat p&fmt9t9i by tl i* i l r t c t 4««iy of • ^artiit NMll«Hictlv« M M I M I S . T « 
•iMMnM MMtteMr OffMlt In t l l M * « M N I » MB* tlpMlsl t M ^ l 4 p « » Ullft CtMlM* 
#5' 
•KCttt t t iM' «r • KKHltMr rMMttiM MlW taNM «IM4l f * p«|Hll«t« tN l MwittMHOr 
imml, ill wMit •# t)MNN» M t M tlM i i r t i N l t g f«r t l« fM taiMrf • larft k l M t l * 
•MHTfly to t M t « f ^ a t M t ttHM ^ t t f l M l N f t t f fMi I f f MMWll t a t t l M s i f t * 
T M * #l«^l«M*«ti» t i r ivPhWnTiMriTf i i flM tftlMr wfaM M ^ rtciiltt tn 
<llwwif«rliit •# tti« Iwf t lM. 
$wni t l iMratlMi MNtols MMM M W I »r>p«M< t» MMMMMit for tim i t t f ^ r i m 
•IfWitt pfiiwaai tii Mitli IKMMMMMI. tut tlMplMt In mmmpf I t tlw 
"tlit««ii tfltit" tlittry t i m t t t t i ky St i t i t t t l . t , tlw 4ltatt«t< tttM I t t t t 
I t t Mi iyy In t t l l l t lDnt wiHi tiit t t l i tr t t tnt ttmt y r t i t t l t f vtry luttntt 
i M M t i • l i t i I t t t r t j t t t t r y , Vm M t t tlitii t i f f t t t t tuti i tr i t t t i i r i l t ^ t t 
Hit i M t • ! iMlt «lN««tlti i I t t t t l4t» Utltf tilt l i t t t fitw tlittry I t t t i t t • ! ,» 
• k f t l M i m «^ i f t t t l« i I t r t l it t t t f t r t t t r t t t t i l t t t t t t r t t t t l a t t f r t t tht 
IM> 
Y\^7^ 
- I t -
fiUmf^ i^ I t flm liittltl mmrwf laptrfii t» Hw t t r f t t vtwi, P^ , Is t M 
•^Mtflc liMt pmr wilt ¥«liM» •# tiii twrfvt w t t r i t l , t I t fii« ifctrMl 
4lffttlvlty $lvm y^ 0 • k/e^. It ktlnt tkt tlMf«tl t t t i t t l v l f y «M e^, tlw 
klgk t t t t r t t i i r t t^tclfft littt, t f I t t ptrtwttr «lil«l» 4tf I t t t flit vtlMt 
tvtr ulitfli Hit trlflMil hmtf I t 4lPNrttf«#. Ltttr, I t w t f««M tlmt Hit Mttt 
f r t t (Mil •« t M 4lt^lttt i t tm I t sf tlit ^Ntr • f 7 f» 1f*A*' t«4 I t 
ttwtinttwtt I I t t t t t t l ly tprttd tut I t ttvtrtl t M l l livt t^ttt t tptrttt i ky 
• (tflttaRtt • ! thit trtftr. Tlw- iq« U. I ) I t tpplfttlilt tnly t f t t r -HM littt 
frta tlMMw tfNitt wtrgtt. TNniftrt tut tM«M ttkt t^ • f}/4D • 100 rg/40 
Mlitrt fg I t UMI rt^ltt ttrrti^tfitflfit t t tlit t tntit vtitwi. tlw l i f t flat 
• f flitrmi tftht t t ctlttlttttf frm tlit tNwt Ifwtry t tMt ott t t kt -^10*^' t . 
WiMt Urn tftMMwy prwHd t t t f t l In <ltttrH>lt8 tlw «Niyt I t tliltli t i^ t t l t hlMt 
•f nMllttItt i t t igi MR ttttr* flit tMptrlMwttl tvlAMtt for tlw dirttt t f f tct 
• f flwrMl tfilltt t r t Mgtr. Htriy f t A I .^ jfcfewt* Mtttttttr-offtl- l irt l i^*^ 
If? litV. t^ • SO pt ) , Er*<' (7f litV, t | • too pti MMl U * ^ <flS fctV* t « 100 pti 
ttliio €t« l«* tMtltttltt tttNil^itt**' tilt t t r f t t t t tnt l t t l t f «f tilt tKlitt 
•« tfcttt •Ittwuti litrt t iMltNi l ifltli prttttt tiHl o^  •ptrt l t i t t f f wtryltg 
m • i l ^ 4» faMi l% rttptttl««ly* i in lw i t f i l l t t t i» Mt*** «tt t i t * 
04HMBNNMI "Wrt|B|f*^WHlHHMrt'IVt 
m^fti ly «i||ft|iip t <^*9irtt«l«« Hit f«fitfir» #ttr¥t< In fhtt Ctt l t i * 
• •>§ • 
0tmmM mf tlM r«Mtll«tt ftm*tm» MfkmatIk flwlr ttnirtti—i rtttilt* 
f wmlm f% iifMft iatitla(it«rlly uttli flw •K^wrlMHtttt mm, w* will MM 
tlitt til* CMprttalMi Mlitch tfi«y itrtv^tf f«r tlw • I f tct mf t M tliMmil tpllw 
«fi tlMi r tMfl tMt ffMtlMi SMffvr* frw mmm kml* «tiert CSMIRSS. 
Ntr#y t t altf dtttratiiMI tlM t«ii^ «Mr«t«fii • ! tlM» twrnwiiiilmt •f tNi 
MiiitliMMr vtMi ky MMMIIHI • witf«r«i ititrllMitlM mf tiMNwil mmrty •tmit 
• fiitii I IN* • ! iMgtii • « M I tei Hm rm§9 mf tlMi afwii. Utiiif ttw M . (C.ll 
M • 6rmm*9 fmmftm tlity •M«lii«< f i r Urn fIfwl MliftlMi t * ttM itffwilM 
Mivaf Iwi f«r • pvlnt at tMi MMI • ! tli« I Immt trajMetwry M 
*» ic^Ti w t • t^) *« \ [ 4wt • t^) ] * y 
iil««r« A T I * tN» liMMl HmMumUf rim, R Is tht raigA Af ^t» <IMII<W< 
97 
itMi m4 I t glvw iky 
* A, • A, 
2| 2j A^  nr « 
wMm I I* th* •MHiy tMpart«4 t« itm 4Upim9i 9fm ky tit* >w>ir<lm 
P * r » t * I * IHH *•-# 9 WMw m^ fl^ » » * T H * WMMTP* miBWM* • • » * wKMH MHKtVT wf Tw» f t 2 X 
i l M M t i ifttt iM tiMi l«HI«* «lM» rM>iitl¥»ly, if/in U tiit mH •f tli* 
•ftiify i m tnnatil t * km* • iwlii* 0/$* • ITK* Hi* •fl««t •$ ihU 
! • 
T • T • AT* ifHIi T k«tiii ^M wklwit tii»trtliir»» 7li» t int Hkm fcy tl i i 
rMM»Hliis ttfm t * «NMi t * MNit wMi iiiiwn* 1^ 0 H 9hmtf mm$»f9i t * fNi 
iMM»l«ar IHtttMi mi ifkm^fm^ I t « M MI!•««•<, fiAttltiiflfls th» vtttw 
•f T In 1^. <«.4) ttMy flwiMy •ktilmMl Hr tlw t i M <tpiii<mt f»f«tt«r 
M 
fCt) « «Mp [-l%5-l(^)"ii 
X mp j - ^ - 5 [nz^T • < ^T)* I ] 
Hart f^ i t tiMi mrmt rtMtMMt frMttM aiMi f ( t ) I t • tt«t i%$tm4mf 
r t i i t t l tn f t t t t r 4 M t« tiMi t lwutl I^IIMI. AM t f fMtlvt r«Mlll«tt fmtttltii 
0 
Tklt «Mpr«ttltii wm tlMNi tiMrtsMl vvtr t i l pMtlkIt vtlvtt • f rtctl l 
m&r§tm t t • I t t l i i • frttflctti vtlut •# r tml l l t t t frtctltii. 
Ylit 4fm^mk witk tklt tlittry It In etltnlstttf tlM •ff«tt •# flit fkm 
itpfwiiiit •••pir»tw» • ! -Nw l i t t i M tn tlw r tM l l l t t t frtctltn. Ht t«t 
fbit M t i i m t t In t l * ftwpiftfiirt •# ihm I t t t i M I t •tt lvtltut t» «• i i t r t t t t 
IM vWl I M M M F # f pMMMHI Ift ftif vfct IfllM'HITlWItl tMMMNI« TwM wMt vfTft t lWI 
•f tiMMMl i»ti» n n F i i i t t t i^. l««2} «tfi tttit • 4mvf ml fktt mukmt • f 
l i i t i iM t r wpiffiMMilly • ^ttty #f flw vl l i^t i iMl tapllfiMft 4ffl •# «M 
^ItMMiVnMWl^ "Pt^P W ^ W W W F ^^if IP ^^PPlP|iipwW|p TrW^wtrf^BBBPF P B ^ f | l » w ^ P P wW W99 HfPip^^f * • » 
- • I -
r§§mtmn «ilMl«i/«ta«rftltii trtki^Mlty tkrwifli • wmr^ •mtpUmHi 
H»ny i t • ! • , tfM* tMt §!«• • ctrrMt v«lM of tlM r tMl l lMt ff«ctl«ii*. 
Tliir»f«r«» In tlM» foliowlfif «• 4*fi«« tn •x^rMtlM l«r H M rttoMlMs 
friMtlMi hf •vtliMtliiB tlm • f l M t • ! ttMrati apttm m tht «err«l»tl«ii fuMtltii. 
TlM pfMMit ^rtblM I t kMlmlly tlMllar t» t ^ I M ^ I W mf mrmi tm4» 
rtlMtstlM ( tM aia^t«r }V) nftli tto itfftrwM* Mtfi« ttot mill* In tli* 
#r»vi«iit prsklm wily ««• «•<• wm mlaicliit •uptwmttal ly frm • v*ry hlflily 
•MtltWl V tbr t t l«Ml tvmt t » tiMI ttHMTMll WIHttllMrlMi WtWjtn IfM f^fWIMt 
«•§• all f ^ utrMil —<•» of 1fc« l«ttl«» wrm rolwliif t« « Im^r • t t t * wtHi • 
noil •Mpmtwtlat 4MMiy r«tt tf«tMiilMitf by I4|.U«2). M» oilmildtt ffc« 
l»tl4Ni fmivtteii <^ »«•'»•<*>> V**^ *^*^> . »» •»»• i»»ww»tc •iiprwiMtt*!! witli 
-Hw mmmp>ftmi tliat flw i«ttl«» I t In llMNnMl •^l l lbr lwi mf m fmpffum T 
«lil«l) i t chtfifftiis wlfH tfiit ttttr^ltg t« Cf, CiJt>^ I t flit litrwtiit» t^frwt* 
•ittltM C .^ {4.I1) gtvtt 
^jW<e> ^"Uir^^y^ • •,p(^.»<(il.[9ft) . tio> ] ]*>^ • •[t.twi. « i t ) ] ) 
• k*<tCt)t<0>>^] U,TI 
«tliif flit ttMitl Mi t tupiMltt tf t ( t l t i It Clittttr I I I «t fl«4 tlitt 
I t flit ptmmlt mm t i l flit ttnMl wtftt tf flit l«ffItt trt tNiltM t t t 
i i*<ii<tMO)> 
• ^ T^ • I , (6,10) 
CiqMM l^im ttCt) In tnrM vf ffMi tmnmi wm4m v* f t t 
H«w writlfiti 
aM «v«{««tM9 tilt MMMttM Avtr i| In t^« (i.12) ky t t n f f t t f I t 
tNt» m li»t«9r«t MilMi 'HMI #MMifty •f vll»r«tt«ii»l tt«t»§ • ! fW Dukyt « • # ! 
« • flHMly •kttlM 
• (If^ At If I • A AW)11 <i4H 
m* 
CTT^ 
f •«#[- ! 7-*^ { IT (ATltHATId)) •A1*lt)*At*C0>]] \B: 
Ntrt f is tlw fMwrwil nmilllMt frMtwi M dJitalMdl In tl» itmwtt of 
II 
tiMMrwil ttliWf itiill* tiMi •!•••< fMtir H 4im fmflm •ffMtt of flM ttMinNil 
i^illii. inbttitiftlRt ttM n^TMsiMi (6«t5} III f^. I f . >• fhm •MUPMSIM f«r 
tiM m f phmwm MIIMIWI prtliittitty t t twi i 
ME) • MMtt f f OMnf ( i - EJf - i r ftl ] oxpf - I - ^ v 2T(ATItH AT<0|) 
4A A t ) • AT^IO)] ] #t. U.tS) 
TlHHi;tli(i rM»illittt fnMttltii twi IM obtalfUMl by tntimratiiifl tti# tkw iMfrf 
IN I HwPf w^fww • 
f « « I Hff| m If. 17) 
• -Co 
SIMM tim txi»TiitMr» • ! tlw tlwnMil tpllit iwpmi* it^m tlw rMoll #M»rty 
f^ > liMi viliMP of mmphmmt priHtMllty tr tii* f«i»lii«i(i frtctlwn nlll • ! •• 
^9^9919 wpVH wPv flPVPVf vIMripy W M TPVfvrVrw T v 9^ V" wMI r W i i l f IWWi r l 91^1 fPfi 
tli» pttfltelo y«liM #f i . vltli iMK^9prl*t* iftlght) fatttr, 'fimmHr; fh% 
•fcttiryti t-lMtwr Ig 
00 
ulitPt r i l ) !• tlM prtlilHify tiMit In • Omiii* iiMlttltiii pf i i iu tlw 
iii*fliy 9^ !• trtMfaff^ci t * fii* f^ttolilnf ii«tl«iii» 
T* ttiHmim Pit ) »• M I M «IM •# tlw liMwiii mi$m§9tm He Pts}, tii# 
pcHiMtlty •# QMlMi «ilt«fl«i M • limttlwi • ! fh« Mi l^ #f fintttrliii?^ 
V 
* #4 > 
kif Mttiii fitt mtfr—im f«r tim rMMiM cMiriy f«r • ffl¥Mi MNitttrliit Mgl* 
2 tfT*HL 
iriMirt • . mi m arv flw • • • • • • of tNi bcnl^ irtfiiig |Nirtt«t« aiMl ifm Hfft&f 
• t w mfOBttvty, V I t tlM valMetty • ! tlM lNM*«rtfliif Mrt 'cU m4 & U 
tim tMtttrffit Mifl* tN tiMi «Mitr« «f MMM •yttw. M»r« «• Niv* tthwi tNi 
Msatttrtiifl t» iHi • I m t U dy ii«ti<*^t*HI ' '^ ••Mriy wtMl In wetting tlw 
t»rf«t IHMI4W, Tlw »r*b«klttty PiO} I t profMrtl«Ml to • fMt«r 4He »%} 
wlileli f«r M •l«ctri« trMwItlMi •f mItlpoU «Nhir >" I t fll¥M l>y 
•rlwni Y^^ is th* tflisrlMt li«mMil« fimcftM ami 1^^(G,;|} I t gtvwi 
I C<& 
r^ i^c € •iiiiia)*^) I oMhL04€«i(^^-i)^ gtmiLol 
•^ - ^ < fe «Mll^O • 1 ^ " " ^ 
«lMir» <& I t ^ f i M i by 
vttli I | Mi4 Z^  ^ l i i f tilt eiMrf* mwibir mi t4w t««tsi^im MK tli« fmrttif atw* 
f i iptttfoty aM At iiMI t toliif t M «Milt«tiiii •««rfy wi^ ttw titriy of 
ff«r • t g i t t t t tf iMlf!«» • ! • i l t l i # t * aritr A , If d^ » 3 I I t §§«•» ly 
• • § • 
•tkU f i . t ) . 
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tll« I f irt»iO • ! fMWlt* In MlMHi l l l» fOI «!# f7) SNlft tMt tlM prtMNf 
•jnwwit vtfii t te «MHi^ tMiiit«l 4tt« Is Hit »«rl^tt t M Hi* ttitiiitttN fmt^H 
•m ImiS t t b% twit lt l i^ f(w«fl«i» #f t^. If mm mtm flm ««lii«i •# t^ 
w iHi lMN frw mfk #f i r i i l i i y «li« I t ^ l l l i t t fr«ttl«ii mm» M t t» k* 
•wif Urn prwvttM utrii lift tiMi lalte • ! Mff««t tfiiMUBt «I1K ttM «kMrv«4 
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